o 



o 



llllllllilllllllllliH^ 

@ Publication number : 0 620 223 A2 
@ EUROPEAM PATENT APPLICATION 

(g) Application number: 94302609.6 @> Int Cl.«: C07D 471/04, A61K 31/44 

(g) Date of filing : 13.04.94 




Europaisches Patentamt 
European Patent Office 
Office europ^en des brevets 



@ Priority : 14.04.93 US 48392 

@ Date of publication of application : 
19.10.94 Bulletin 94/42 

@ Designated Contracting States : 

AT BE CH DE DK ES FR GB GR IE IT U LU NL 
PT SE 

@ Applicant : EU ULLY AND COMPANY 
Lilly Corporate Center 
Indianapolis Indiana 46285 (US) 



(§) Inventor : Audla, James Ednnund 
6449 lakeside Woods Circle 
Indianapolis, Indiana 46278 (US) 
Inventor : Droste, James Josepli 
488 East 10 th Street 
Indianapolis, Indiana 46202 (US) 
Inventor : Evrard, Deborah Ann 
15 Everett Street, No.31 
Cambridge, It^assachusetts 02138 (US) 



@) Representative : Hudson, Christopher Mark et 
al 

Eri Wood Manor 

Windlesham Surrey GU20 6PH (GB) 



@ Tetrahydro-pyrldc^lndoie. 



@ The present invention provides novel tetFahydrobeta-carboline compounds and intermediates having 
useful central nervous system activity. The invention provides fbnmulations and methods for using the 
novel tetrahydrobeta-cartx>line compounds. Further provided, is a new Pictet-Spengler process useful 
for preparing tetrahydrobeta-carboline compounds. 



C\3 



<0 



UJ 



JouvB, 18. nie SainVOenb, 75001 PARIS 




EP0 620 223 A2 

Field of the Invention 

The present invention relates to the field of organic chemistry. The invention provides novel tetrahydro- 
beta-cart>oline compounds with a high affinity for the 5-HTic receptor. 

5 

Background of the Invention 

A substantial t>ody of evidence supports the relationship between &-HT10 receptor modulation and a variety 
of diseases and conditions. 

10 The 5-HT1C receptor subtype was first detected in choroid plexus epithelial cells and is the only SHT re- 

ceptor subtype expressed by these cells. Studies of the 5-HTio receptor using radioligand binding have been 
complex due to the cross reactivity of the 5-HTtc receptor with the 5-HT2 receptor. The discovery of selective, 
high affinity compounds which discriminate between 5-HT^c 5-HT2 has been an elush/e and important tar- 
get. Hartig et al.. The S-HTinReceptor AnnsAs New York Academy of Science 149, 159. Compounds with se- 
ts lectlve affinity for the &-HTic receptor can provWe treatment for 5-HTic-receptor-medlated cortdltlons without 
the side effects associated with activity at the 5-HT2 receptor. Such compounds can simplify characterization 
of the 5-HTic receptor and provide useful new therapeutic agents. In vitro, nrvchlorophenylpiperazine (m-CPP) 
has a slightly higher affinity for the 5-HTie sites than for other 5-HT receptors; however, prior to the present 
invention, there have been no known 5-HTic selective ligands. 

20 The acth/ation of the S-HT^c receptor has been associated with numerous behavbural and physiological 

effects. TIPS 11, 181 (May 1990). The 5HTie receptors in the limbic system can affect nrK>od, behavior, and 
hallucinogenesis. Hartig etal.. The 5-HTiJRecepior Annals New York Academv of Scienc e 149, 159. Modula- 
tion of the 5HTic receptors has t>een associated with schizophrenia and schizophreniform disorders. Ugedo, 
L. et a/. Psvchopharmacology. 98. 45 (1989); Canton H. et al. Eur. J. Pharmacol. 1 91 , 93 (1990). Hypothalamic 

25 &-HTic receptors can influence sleep, appetite, thenmoregutatton, sexual behavior, nrK>tor activity, and neuroen- 
docrine function. Hartig et at, The 5-HTiJ^ecepior Annals New York Academv of Science 149, 159. Addition- 
ally, studies Indicate that S-HT^e receptors mediate hypoacth/ity. caused decreased feeding in rats, and have 
anxiogenic effects. Id. Studies have shown that drug-induced penile erections are &-HTie mediated. Psycho- 
pharmacology 101, 57 (1990). Likewise, 5-HTic modulation can treat or prevent priapism. 

30 Other studies have used m-CPP to characterize responses associated with 5-HTio receptors. Although re- 

sponses to 5-HTic are difficult to characterize by this method, the studies evince that 5-HTic receptors influ- 
ence the onset of anxiety, obsessive-compulsive disorders, panic disorders, Gilles de la Tourette syndrome 
and migraine headaches. TIPS 11, 181 (May 1990). The studies indicate that the 5-HTio receptor can be In- 
voh^ed In Alzheimer's disease as well. Id. The S-HTic receptor Is involved In the modulatk>n of the balance of 

35 cerebrospinal fluid. Further, the 5-HTie receptor Is associated with the sensation of pain. Zemlan, F.P. et al. 
Neurochem. Int . 16. 507 (1990). 

It would be advantageous to have compounds which would penmit modulation of the S-HT^c receptor. It 
would be particularly desirable to have compounds with high 5-HTic receptor affinity and low 5-HT2 receptor 
affinity. It would be further advantageous to have compounds that minimize the effects of eating disorders. 

40 sexual disorders, and other disorders or conditions associated with S-hfTic nv>dulatk>n. 

Sumnnary of the Invention 

This invention provides a group of novel compounds with 5-HTic receptor acth^lty. The Invention also pro- 
45 vides compounds with the longed for selective 5-HTic receptor antagonist activity. Additionally, the present 
compounds are useful tools to characterize the effects of the S-HT^ receptor and to develop therapeutic agents 
based on 5-HTic receptor modulation. 

Further, the present invention provides a new method for preparing compounds with 5-HTic receptor ac- 
tivity. 

50 This invention relates to a compound of the formula (I) 
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R3 (CHR2)R4 



wherein: 

Ri is hydrogen or Ci-Ca aikyi; 

R2 is hydrogen or Ci-Ce alkyl; 

R3 is hydrogen or Ci-Ca alkyl; 

R4 is bicydic or substituted bicydic; 

A is selected from the group consisting of 



and 




(ID 



(III) 



(IV) 



wherein 

Re and R7 are, independently, hydrogen, Ci-Ce alkyl, CrCe alkenyl, halo. halo(Ci-Ce}alkyt, halo(Ci- 
Co)alkeny1, COR5. C1-C10 alkanoyi, C02R6\ {Ci-Ce)m alkylamino, NO2, -SRg.or ORg; 
m is 1 or 2; 

Rs is independently hydrogen or C1-C4 alkyl; 
Ro> is C1-C4 alkyl; 

Rq is independently selected from the group consisting of an Re group, substituted C^-Ca cydoalkyi, C3- 
Cecydoalkyl, C3-Cacydoalkyl-<Cf-C3)alkyl, Cs-C^ cycloalkenyl. substituted Cs-Cacydoalkenyl, Cs-Cacydoalk- 
enyl-(Ci-C3)alkyi, C7-Cia arylalkyi; or 

Re and R7 together with the cart>on atoms of group Afomn a 5- to 8-member cart>on ring; or 

a pharmaceutically acceptable salt or solvate thereof. 
The present invention also provides methods of employing, and pharmaceutical formulations containing, 
a compound of formula (1) or a pharmaceutically acceptable salt or solvate thereof. 
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This invention provides a new process for preparing a connpound of formula (VI) 



5 




(VI) 



wherein Rz is hydrogen and Ri, R3, R4, Re. Re. R?. Rs. and A are as defined supra; 

or a pharmaceutically acceptable salt or solvate thereof; 

which process comprises contacting a compound of the formula (Vll) 



20 




I 

R3 



25 with a lactone of formula (VIII) 



O 



30 




36 in the presence of a protic acid. 

Detailed Description of the Invention 

The term "treating" as used herein includes prophylaxis of the named physical and/or mental condition or 
40 amelioration or elimination of the developed physical and/or mental condition once It has been established. 

The phrase "injury to the central nervous system" includes, but is not limited to, injury to the spinal oord, 
neural tube, or dura of the brain. Injury to the central nervous system also includes priapism, cerebrospinal 
fluid imbalances, and other 5-HTic Imbalances, and related conditions resulting from central nervous system 
injury. 

45 The terms *Ci-Cn alkyi" wherein n= 2-10, as used herein, represent a branched or linear alkyi group having 

from one to the specified number of cart>on atoms. Typical Ct-Ce alkyi groups include methyl, ethyl, propyl, 
/so-propyi, butyl, /so-butyl, seo-butyt, /erMxjtyi, pentyl, hexyl and the like. 

The terms "C2-Cn alkenyl" wherein n= 3-10, as used herein, represents an olef inically unsaturated branch- 
ed or linear group having from 2 to 1 0 carbon atoms and at least one double bond. The groups can be branched 
50 or straight chain. Examples of such groups include 1-propenyl, 2-propenyl (-CH2-CH=CH2), 1-butenyl (-CH- 
=CHCH2CH3), 1,3-butadienyl (-CH=CHCH=CH2). hexenyl, pentenyl. and the like. 

The terms "halide". "halogen", and "halo" include fluorine, chlorine, bromine, and iodine. The preferred ha- 
logen is chlorine. 

The terms "halo(Ci-Ce)alkyl" and "halo(C2-C6)alkenyi" refer to alkyi or alkenyl substituents having one or 
65 more independently selected halo atoms attached atone or more available carbon aton^. These terms include 
chloromethyl, bromoethyl, trifluoroethyl. trifluoromethyl. trifluoroethylenyl, S-tntmiopropyl, 3-bromopropenyl. 
2-bronf)opropyl. 2-bromopropenyl, 3-chlorobuty1, 3-chlorobutenyl. 3.2-dichtorobutyl, chloroethylenyl. fluoro- 
pentenyl. 3-chloro-2-bromohexenyl, 3-chloro-2-bromobulyl, trichloromethyl. dichloroethyl, 1,4-dichlonobutyl, 
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3-bromopentyl, 1,3-dichlorobutyf, 1,1-dichloropropyl, and the like. More preferred halo-(Ci-C6)alkyl groups are 
trichloronrtethyl, trichloroethyt, and trifluoromethyt. The nrx>st preferred halo-(Ci-Ctt)alkyf is trifluoromethyl. 

The term "C^Cio alkanoyi'* represents a group of the fonnula C(0) (C1-C9) alkyl. Typicat C1-C10 alkanoyi 
groups include acetyl, propanoy), butanoyl, and the like. 
5 The term "(Ci-Ce alkyl)mamino" wherein m=1-2; refers to either a nrrano- or a dialkylamino group in which 

the alkyl portion of the group may be straight or branched. Examples of such groups are dimethylamino, die- 
thylamlno, methylamino, ethylamino, 2-propylamino, 1-propylamino. dr(/vpropyl)dmino, dl(/so-propyl)amino, 
methyl-/j-propylamino, f-butylamino, and the like. 

The term "Cg-Cn cydoalkyi** wherein n=4-8. represents cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cy- 
10 doheptylp and cyclooctyl. 

The term "substituted(C5-Cn) cydoalkyi" refers to a cydoalkyi group as described supra wherein the cy- 
doalkyi group may be substituted with from one to four substituents independently selected from the group 
consisting of hydrogen, Ci-Cb alkyl, C^-C^ cydoalkyi, NO2, halo, halo(Ci-C6)alkyt, halo(C7-Ce)alkenyl, Cz-Cq 
alkenyl, Ca-Ce cydoalkyl-(Ci-C3)alkyl, C5-C8 cydoalkenyl. Cg-Cs cydoalkenyl-(Ci-C3)alkyl. COR5, C1-C10 al- 
15 kanoyi, C7-C16 arylalkyi, CO2R5, (C^-C^ alkylXnamIno, -SR5, and ORs. 

The term 'C^-Cq cydoalkyf-(Ci-C3)alkyl'' represents a linear alkyl group 3ufc>3tituted at a terminal carbon 
with a Cs-Cs cydoalkyi group. Typical cydoalkylalkyi groups include cydohexytethyl. cyclohexylmethyl. 3-cy- 
dopentyl propyl, and the like. 

The term "Cs-Cg cydoalkenyt' represents an olefinicalty unsaturated ring having five to eight carbon atoms, 
20 eg., cyciohexadienyt, cyclohexenyl, cydopentenyl, cydoheptenyl, cydooctenyl, cydohexadienyl, cydohepta- 
dienyl, cydooctatrienyl arKi the like. The cydoalkenyl git>up may be substituted with from one to four substitu- 
ents selected from the group consisting of hydrogen, Ci- Cq alkyl, NO2, halo, halo(Ci-Ce)alkyt, halo(C2- 
C6)alkenyl, Cj-Ce alkenyl, (C^-Ce alkyO^amino, COR5, C^-C^q alkanoyi, OR5, CO2R5, -SR^, and Ct-Ciq arylalkyi. 

The term "Cs-Cs cydoalkenyl-(Ci-C3)alkyr represents a linear C1-C3 alkyl group substituted at a terminal 
25 carbon with a Cs-Ca alkenyl group. 

The term "aryl" represents phenyl or naphthyl. The aryl group can t>e unsubstituted or can have one or 
two substituents independently selected from the group consisting of C^- Ce alkyl, Ca-Cs cydoalkyi, Cs-Ce al- 
kenyl, C3-C3 cydoalkyl-(Ci-C3)alkyl, (Ci-Ce alkyl)mamino, phenyl, Cs-Ca cydoalkenyl, Cg-Ce cycloalkenyl-(Ci- 
C3)alkyl, COR5. C^-Cio alkanoyi, OR5, and Ct-C-io arylalkyi. The substituents may be located at any available 
30 position on the aryl ring. 

The term "Ct-Cis arylalkyi" represents an aryl-(Ci-Cio)alkyl substituent wherein the aikyi group is linear, 
such as benzyl, phenethyt, 3- phenyl propyl, or phenyl-f- butyl; or branched. 

The term "bicyclic" represents either an unsaturated or saturated stable fused or bridged 7- to 12-menrv- 
bered bicyclic cart>on ring. The bicydic ring may be attached at any carbon atom which affords a stable struo- 
35 ture. The bicydic structure is illustrated by the formula 



40 



45 




50 or 

the formula 
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wherein y is independently 1 or 2; w, x, and z are independently 1 to 5; (w+z) Is greater than 2; and bonds may 
be present as necessary to afford a stable structure with the desired degree of saturation. The term includes, 
but is not limited to, naphthyf. tetralinyl, decalinyl, compounds of the formula 

CO CX> CP CP 

' * t f 

S ^ o 

» * t 0 

<^ ^ ^ ^ 

f It « 




» t 



and the like. It Is understood that the exemplatory structures do not limit the scope of the invention in any way. 

The term "substituted bicydic" refers to a bicydic ring system with from one to four sut>stituents attached 
at any desired positions on the bicydic ring system. The bicydic substituents may t>e independently selected 
from the group consisting of hydrogen, Ci-Ce alkyi, NO2. halo. halo(Ci-C6)alkyl. hato(C2-Ce)alkenyl. C^-Ce al- 
kenyl, COR5, Ci-Cioalkanoyl. C7-C16 arylalkyi, CO2R6, (Ci-Ce alkyO^afTiino, -SR5. and ORe; wherein m and R5 
are defined supra, it is intended that the substituted bicydic substituent may bond to the CIHR2 group through 
any available carton atom in the bicydic ring system. The term includes, but is not limited to compounds such 
as, 2-methyltetralinyl, 3-hydroxytetraltnyl, 4-nitrotetralinyl, 3-dimethylaminonaphthyl, 2-methoxynaphthyt, 6- 
chlorodecalinyl, 8-ethenylnaphthyl. and the like. 

The term "naphthyl" refers to a naphthalene ring system substituent, as comnronly used in organic chem- 
istry. The naphthyl substituent may bond to the CHR2 group through any available carbon atom In the naphthyl 
ring system. The term "substituted naphthyl" refers to a naphthyl ring system with from one to four sustituents 
attached at any desired positions on the naphthyt ring system. The naphthyl substituents may be independently 
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selected from the "substituted bicydic" group supra. 

The term "phenyl" as used herein refers to an unsubstituted benzene ring system. The term "sut>st(tuted 
phenyl" refers to a benzene ring system with from one to three sut>stituents independently selected from the 
group of bicydic substltuents defined supra. 
5 The term "organic solvent" in dudes solvents containing cartx>n, such as halogenated hydrocart>ons. ether, 

toluene, xylene, t>enzene, and tetrahydrofuran. 

The term "agitate" indudes such techniques as stirring, centrif ugation, mixing, and other similar methods. 

The term "aprotic soh^ent" refers to polar solvents of moderately high dielectric constant which do not con- 
tain an acidic hydrogen. Examples of common aprotic solvents are dimethyl sulfoxide (DMSO), dimethylfor- 
10 mamide, sulfolane, tetrahydrofuran. ether, methyt-t-butyl ether, or 1,2-dimethoxyethane. 

The term "protic solvent" refers to a solvent containing hydrogen that is attached to oxygen, and hence is 
appreciably acidic. Common protic solvents indude such soh/ents as water, methanol, ethanol, 2-propanol, 
and 1-butand. 

The term "inert atmosphere" refers to reaction conditions in which the mixture is covered with a layer of 
15 Inert gas such as nitrogen or argon. 

The term "protic acid" refers to an add having an acidic hydrogen. Preferred protic acids indude hydro- 
chloric add, formic acid, perchloric acid, sulfuric acid, and phosphoric acid in an aqueous medium. The nK>st 
preferred protic acids are hydrochloric acid, sulfuric acid, and formic add. 

The term "selective binding of a 5-HTic receptor" refers to a method of binding the 5-HTic receptor to a 
20 greater extent than it binds the 5-HT2 receptor. 

The term "substantially pure" is intended to mean at least about 90 mole percent, more preferably at least 
about 95 mole percent, and most preferably at least about 98 mole percent of the desired enantiomer or ster- 
eoisomer is present compared to other possible configurations. 

The term "ligand" refers to compounds that are bound by the 5-HTie receptor. Compounds useful as 5- 
25 HTic selective ligands may be used to selectively occupy the 5-HTic receptor site or may act as a selective 
agonist at the S-HT^c receptor site. 

The abbreviations used herein have their accepted meaning, unless stated otherwise. For example. "Me" 
and "Et" refer to methyl, ethyl respectively, and "t-8u" refers to tertiary-butyl. The abbreviation "RT" refers to 
room temperature or ambient conditions unless indicated otherwise. 
30 The abbreviation "TMEDA" refers to tetramethylethylenediamlne. THF" refers to tetrahydrofuran. 

"MOMCI" refers to chloromethylmethyl ether. "Ph" refers to a phenyl group 

The terms "MeO" and "EtO" refer to methoxy and ethoxy sut>stituents which are bound to the parent mol- 
ecule through the oxygen. 

The formula (I) compounds can form acid addition salts with a wkfe variety of inorganic and organic acids. 
35 Typical acids which can be used include sulfuric, hydrochloric, hydrobromtc, phosphoric, hypophosphoric, hy- 
droiodic, sulfamic, citric, acetic, maleic, malic, succinic, tartaric, dnnamic, benzoic, ascorbic, mandelic, p-tol- 
uenesulfbnlc, benzenesulfonic, methanesulfonic. trifluoroacetic, hippuric and the like. The pharmaceutically 
acceptable acid addition salts of the formula (I) are especially preferred. 

The compounds of the present invention are useful for modulating or blocking the 5-HTic receptor. Certain 
40 of the present compounds are preferred for that use. Preferred compounds are those having the following char- 
acteristics: 

A) Ri is hydrogen; 

B) R2 is hydrogen or methyl; 

C) R3 is hydrogen or methyl; 

45 D) R4 is naphthyl or substituted naphthyl wherein the naphthyl substltuents are selected from the group 

consisting of (CrCe alkyl)mamino and ORs; 

E) A is a group of formula 111; 

F) A is a group of formula IV wherein Re and R7 are independently selected from the group consisting of 
hydrogen. Ci-Cg alkyi, and halo. Rs is independently selected from the group consisting of hydrogen, Ci- 

50 C5 alkyI, halo, C5-C8 cydoalkyi, phenyl and substitutedphenyl; 

G) R2 is hydrogen; 

H) R3 is hydrogen; 

I) R4 is naphthyl. or substituted naphthyl wherein the substltuents are selected from dialkylamino and ORs; 
J) A is a group of fonmula IV wherein Re is hydrogen. R7 is hydrogen or methyl, and Re is CrC4 alkyt, Br. 

55 orF 

The more preferred dasses of compounds have the following features: 
A-C. E or F and I. 

The nnost preferred dass has the fdlowing features: 
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A and G-J. 

The preferred classes of compounds for use as selective 5-HTic Itgands have the following features: 
A-D and E or J. 

The most preferred dase of compounds for use as selective 5-HTic ligands has the following features: 
5 A and G-J. 

The Formula (I) compounds have useful central nervous system activity. Table I illustrates several of the 
Formula (I) compounds. The terms in the column headings of Table I refer to Formula (I). As used in the table, 
the headings "St". "S2". and "S3" refer to the substituents on the R4 group. 



15 




R3 (CHR2)R4 



The abbreviations for the R4 group refer to the following: 

20 
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The present invention contemplates racemic mixtures as well as the substantially pure stereoisomers of 
the compounds of Formula I. The term ''enanttomer* is used herein as cximmonly used in organic chemistry 
to denote a compound which rotates the plane of polarization. Thus, the enantlonner* rotates the plane of 
polarized light to the left, and contemplates the levorotary compound of Formula I. The -•■ and - enantiomers 
5 can be isolated using classical resolution techniques. One particularly useful reference which describes such 
methods is JACQUES ef. a/. ENANTIOMERS, RACEMATES. AND RESOLUTIONS (John Wiley and Sons 
1981). Appropriate resolution methods include direct crystallization, entrainment, and crystallization by opti- 
cally active solvents. Chrisey, L.A. Heterocycles , 267, 30 (1990). A preferred resolution method is crystalliza- 
tion with an optically active acid or by chiral synthesis as described in Example 46 using the method of A.I. 
10 Meyers. l_oewe, M.F. et al.. Tetrahedron Letters , 3291 , 26 (1 985), Meyers, A.I. etaL, J. Am. Chem. Soc. 4778. 
110 (1988). Preferred optically active acids include camphorsutfonic and derivatives of tartaric acid. 

For example the invention includes, but is not limited to compounds such as (-)-(S)-6-methyl-1-[(4-dlm&- 
thylamino-naphthalenyl)-methyl]-1 ,2.3,4-telrahydro-9H-pyrido[3,4-b]indole, (-)-(S)-6-methyl-1-(1 -naphthalo- 
nyl-1-ethyl)-1,2,3,4-tetrahydro-9H-pyrido[3.4-bI indole. (-)-(S)-6-(1,1-dimethylethyl)-1-(1-naphthalenyl-1-et- 
15 hyf)-1,2,3,4-tetrahydro-9H-pyrldo[3,4-bl Indole, and (-)-(S)-6-(1 ,1-dlmethylethyl)-1.2,3,4-tetrahyd^o-1-(1- 
naphthalenylmethyl)-9H-pyrido[3,4b]indole. The invention also includes, but is not limited to, (+)-(S)-6-nnethyl- 
1-[(4^dimethylamlno-naphthalenyl)-methyl]-1.2.3,4-tetrahydro-9H-pyrido[3,4-b]indole, (+)-(S)-6-methyl-1-(1- 
naphthalenyl-1-ethyl)-1 ,2,3.4-tetrahydro-9H-pyrido[3,4-bl indole, (+)-<S)-6-(1 ,1-dimethylethyl)-1-(1-naphtha- 
lenyH-ethyl)-1,2,3,4-tetrahydra-9H-pyrido[3,4-bl indole, and (+)-(S)-6-(1,1-dimethylethyl)-1,2.3,4-tetrahy- 
20 drc>-1-(1-naphthalenylmethyl)-9H-pyrido[3,4b]indole. 

The compounds of the present invention are known to form hydrates and solvates with appropriate sol- 
vents. Preferred solvents for the preparation of solvate forms include water, alcohols, tetrahydrof uran, DMF, 
and DMSO. Preferred alcohols are methanol and ethanol. Other appropriate solvents may be selected based 
on the size of the solvent nrtolecule. Small solvent molecules are preferred to facilitate the corresponding sol- 
25 vate formation. The solvate or hydrate is typically fonmed In the course of recrystallization or in the course of 
salt formation. One useful reference concerning solvates is Sykes, Peter, A Guidebook to Mechanism In Or- 
ganic Chemistry . 56-I-. 6th Ed (1986. John Wiley & Sons. New York). As used herein, the term "solvate" includes 
hydrate forms, such as monohydrates and dthydrates. 

The compounds of the present invention can be prepared using chemical processes that are understood 
30 in the art; however, the most preferred method for preparing the formula (I) compounds of this invention utilizes 
a novel process which is illustrated in Scheme V. The process of Scheme V is a Pictet-Spengler type reaction. 

Traditionally, the Pictet-Spengler reaction consists of the condensation of a p-arylethylamine with a car- 
bonyl compound to yield a tetrahydroisoquinoline. Pictet et a/. 44 Ber. 2030 (1911). The Pictet-Spengler reac- 
tion has been extended to the condensation of substituted amines and tryptamines with various aldehydes. 
35 Decker et. al. 395 Ann. 342 (1913). Unfortunately, the known Pictet-Spengler reaction often requires drastic 
reaction conditions, results in undesired by-products, and the effectiveness of the reaction Is closely related 
to the carbonyl compound used in the reaction. Shono et. al 48 J. Org. Chem . 1621-1628 (1 983). The traditional 
Pictet-Spengler cariranyl compounds are acetaldehyde derivatives which may be tedious to prepare and iso- 
late. Often the overall yield using the traditional Pictet-Spengler reaction is undesirably low. The new process 
40 of this invention utilizes naphthaldehydes which are simple to prepare. 

This Pictet-Spengler type reaction is generally applicable, provides desirable yields, and produces stable 
intermediates. Further, the product of the reaction typically may be directly isolated as the desired salt 

Surprisingly, Applicants have discovered that compounds of formula I, wherein Ra is hydrogen, may be 
prepared by contacting a lactone compound of formula (I) with an amine of formula (h) in the presence of a 
45 protic acid. This Pictet-Spengler type reaction is generally applicable, provkJes desirable yields, and produces 
stable intennediates. Further, the product of the reactton typically may be directly isolated as the desired salt. 

The compounds of formula (a) which may be used as starting materials for the compounds of the instant 
invention can be purchased from art-recognized vendors or may be prepared using well-known chemical tech- 
niques. Furniss, Brian S. etal., Vogel's Textbook of Practical Organic Chemrstry , 989-993, 5th Ed. (1989, John 
50 Wiley & Sons, New York). The compounds of formula (b) which are useful as starting materials for the conn- 
pounds of this invention may be prepared as represented by Scheme L The R4 group Is as defined herein above. 

The process for preparing the compounds of this invention will be discussed in greater detail In the following 
paragraphs. 
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Compound (a) in Scheme I may be substituted or unsubstltuted depending on the desired product. Most 
fomiula (a) compounds necessary for the preparation of the azalactone (b) starting materials are commercially 
avaitable. Additional substituted fbnmula (a) compounds may prepared using comnrKsn chemical methods. Fur- 
niss, Brian S. Gt al., Vogel's Textbook of Practical Organic Chemistry . 989-993, 5th Ed. (1989, John Wiley & 
15 Sons. New York). 

Generally, the Schenne I reaction is t>egun by preparing a solution of compound (a), acetytglycine and so- 
dium acetate in acetic anhydride. The reaction is commonly heated from afc>out 90**C to atxMjt 110**Cfor a period 
of about 2-15 hours. The reaction mixture is cooled to about ambient temperature and stinred for a period of 
about 0-1 0 hours under inert conditions. The reaction time will vary depending on the degree of substitution 
20 on the bicyclic ring and the completion of reaction desired. 

vynien the reaction is complete, the mixture is poured onto ice with stimng. The azalactone (b) may be iso- 
lated by standard isolatbn techniques such as filtration and may be dried under reduced pressure. 

Compound (d) in Scheme II is used as a starting material for compounds of formula (I). These compounds 
are commercially available or nnay be prepared using a nrtodif ication of the well-known Fischer indole synthesis 
25 using tryptamlnes. The modified Fischer synthesis is represented by Scheme II. "A* is as hereinatx>ve defined. 



The chlorobutanal compound used in Scheme II may be prepared through the hydrogenatton of chlorobu- 
tyryl chloride. Other hatobutanal compounds may be suitable for the Scheme II hydrogenation. The hydrogen- 

40 atk>n may be facilitated by the use of a catalyst such as Pd/C. The starting compounds (c) in Scheme II may 
be purchased or prepared using knovm methods. March, Jerry, Advanced Organic Chemistry , 1 1 63, 3rd (1 985, 
John Wiley & Sons, New York). 

The modified Fischer synthesis is commonly begun by adding a suitable saturated base like sodium car- 
tx^nate to a stinred suspension of the hydrazine salt in an organic solvent like chlorofbmi. The hydrazine hy- 

45 drechloride salt is one especially preferred hydrazine salt. The desired hydrazine free base is extracted with 
the organte phase. The oil is placed in an alcohol and water solutk>n and treated with an appropriate base like 
sodium acetate. The halobutanal is added and the tube purged with an inert gas like nitrogen. The resulting 
mixture is placed in an oil bath which has been heated to about 90''C-110^C. The mixture should be heated 
for about 17 to 19 hours. The mixture is allowed to cool to ambient temperature and is concentrated under 

50 reduced pressure. The residue is partitioned t>etween a suitable organic and basic aqueous phase, such as 
chloroform/methanol and aqueous sodium carbonate. The organic phase may be concentrated and the result- 
ing compound (d) purified by standard methods such as flash chromatography. If chromatography is used, frac- 
tions containing product may be combined and concentrated. The oil is dissolved In an appropriate solvent, 
such as diethyl ether containing about 1 % alcohol. A preferred alcohol is metharK>l. The mbcture may be treated 

55 with dry acid gas, such as dry IHCI gas to produce the corresponding ackj addition salt of the desired compound 



One method for preparing Formula (I) compounds uses the Pictet-Spengler reaction as represented by 
Scheme III. The sut>stituents are as defined hereinabove. 



Scheme II 



36 
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Scheme ITT 



5 




Generally, the Scheme III reaction Is carried out by refluxing compound (e) with the selected aldehyde In 
a suitable solvent such as ethanol or methanol for a period of about 35 to 50 hours. The precipitated reaction 
product (f) is collected by common isolation methods, such as filtration and may be purified by recrystallization. 
15 If a compound with an Ri substltuent Is desired, the reaction may be followed by a reductive alkylatlon. The 
reductive alkylatbn is represented by Scheme IV. 

20 



25 




30 A protlc acid and aldehyde solution Is commonly added to an aqueous solution of compound (f). The most 

preferred protic acid is formic acid. The most preferred aldehyde is formaldehyde. The artisan can readily 
choose other appropriate reagents for the reductive alkylation. The resulting solution is ref luxed for a period 
of about 60 to 80 hours. After reflux the solution should be made basic using an appropriate base such as po- 
tassium cartx>nate. The desired product can then be extracted with an appropriate organic phase, such as 

35 chloroform. The product can be dried, concentrated, and purified by known methods such as flash chroma- 
tography. 

A preferred method for preparing Formula (I) compounds, wherein R2 is hydrogen, utilizes a new modified 
Pictet-Spengler reaction, described supra, as represented by Scheme V. The substituents are as defined here- 
inabove. 

40 

Scheme V 



45 




Compound (h) and compound (i) are contacted in a suitable protic aqueous acid solution under inert con- 
ditions. Most preferably, compound (h) and compound (i) are ref luxed under inert conditions for a period of 
at)Out 20 to about 30 hours. Preferred protic acids include formic acid and hydrochloric add. The nnost prefenred 
55 acid solution is 1 N HCt. If direct isolation is not effecth^e. then the reaction mixture may k>e neutralized with 
an appropr»te base, such as potassium cart)onate, followed by extraction with an organic phase, such as 
chloroform. The product can t>e isolated through solvent renrK>val followed by chromatographic isolation, such 
as silica gel chromatography, or other common isolation techniques. Typically the product is isolated as the 
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acid addition salt Appropriate salt forms are discussed supra. 

As noted above, the compounds of the present invention can exist as resolved enantiomers. The single (- 
)enantiomer may be prepared by the method of A.I. Meyers as represented by Scheme Vt infra. The (-^)enan- 
tiomer nnay be prepared using known resolution techniques described supra. All substituents are as defined 
hereinabove. 



10 



IS 



20 



30 
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Me jfe 



OtBu 



(1) 



N OtBu 



(in) 



KH, THF, 

TMEDA. 

MOMCl 



^OMe 



(4! 



reduce 

H2NNH2,acid 

solvent 



NH 




In Scheme VI, CSA represents camphorsutfonic acid. Butylformadine (1) is prepared from the amino acid 
valine using known methods. Other formadine compounds will also work. In step 1. the compound (k) and bu- 
tylformadine (1) solution is refluxed for a period of about 70 to 80 hours. The product of the reflux reaction can 
be purified by standard Isolation methods, such as flash chromatography. The isolated oil can be used without 
further purification. 

Compound (m) prepared in step 1, can be added to a suspensbn of potassium hydride (KH) in tetrahy- 
drof uran (THF). Tetramethylethylenediamine (TMEDA), and then chloromethylnrathyl ether (IS10MCI) are add- 
ed to the solutbn, as represented by step 2. The mixture is stirred for a period of at>out 1 hour. The mixture 
can be treated with water and partitioned between an appropriate organic, such as diethyl ether, and water. 
The product should be extracted with the organic phase, dried over potassium carbonate, and concentrated. 
The resulting oil may be used in subsequent steps without further purification. 

In step 3, n-BuLi is slowly added dropwise to a stirred, cooled (about -76°C to -80"^) solution of the for- 
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15 



madine in dry THF. The solution is stirred for a period of atxxjt 1 hour followed by addition of the chloro com- 
pound in dry THF. The solution is stirred for an additional period of at>out 4-5 hours at the reduced temperature. 
The mixture is allowed to cod to room temperature for a period of atx)ut 4 to 14 hours. Wet THF Is added and 
the solution concentrated. The residue is dissolved in an appropriate organic solvent such as chlorofomi and 
washed with water. The organic phase is dried over a suitable drying agent, such as sodium carbonate, and 
concentrated to facilitate purification of the desired product. The product may be isolated by flash chromatog- 
raphy and concentrated. The resulting oil may be used in subsequent steps without further purification. 

Thedeprotection reaction represented in step 4 is begun at reduced temperature (about OX). Water, acetic 
acid, and hydrazine hydrate are added to compound (o). The reaction temperature is decreased to ak)Out -10*'C 
to -20**C for a period of about 60-120 hours. The mixture is allowed to warm to ambient temperature and is 
concentrated. The product is dissolved in an appropriate organic phase, such as chloroform, and washed with 
water. TTie organic phase is dried over a suitable drying agent, such as sodium cart}onate, and concentrated 
to a viscous oil. The oil is dissolved in an appropriate solvent, such as diethyl ether and treated with a suitable 
organic or inorganic acid to afford the desired acid addition salt. The salt can be isolated and purified by conv 
mon chemical methods. 

If the desired product has an alkyi group at the R3 position, the reaction represented by Scheme VII may 
be employed. 



20 



Scheme VII 
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HoNNHo alcohol 



(r) 
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R3 halide, TMEDA 
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45 



In Scheme VII. an appropriate saturated base solution, such as sodium carbonate, is added to compound 
(q). The desired compound (q) salt may be prepared by the method of Scheme II. above. The mixture is stirred 
at about ambient temperature for a period of about 1 hour. The layers are separated, and the aqueous layer 
is extracted with an appropriate organic solvent, such as chloroform. The organic layers are dried over an ap- 
propriate drying agent, such as sodium sulfate, and concentrated. The residue is dissolved in a suitable solvent 
such as toluene and treated with phthalic 
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■ (q) 



pht ha 1 i c anhydr i<^ 
PHCHt 



base, solvent 



(Step A) 




o 




base^ THF, 

R3 halide, TMEOA 



NK2HCi 



H2NNH2 alcohol 




anhydride. The solution is refluxed for a period of about 12 to 20 hours with azeotropic drying. The solution is 
cooled, concentrated, and recrystallized to give compound (r). 

Compound (r) is mixed in THF. Acooled (about 0°C) suspension of an appropriate base, such as potassium 
hydride in dry THF, is slowly added to the compound (r) solution. After the addition of the the base, the mixture 
is stored for a period of about 1 hour. Tetramethylethylenediamine (TMEDA) is added, followed by a haloalkyi 
such as methyl iodide (Mel). After about 1 hour, the reaction is quenched by the addition of water, followed by 
extraction with an appropriate organic phase, such as diethyl ether. The organic phases are dried over an ap- 
propriate drying agent, such as magnesium sulfate and concentrated. 

A solution of the concentrated compound (s) (above) is contacted with an appropriate solvent, such as me- 
thanol, and treated with hydrazine. The mbcture is refluxed for a period of about 2 hours. The mixture is cooled 
to ambient temperature and treated with concentrated add, such as HCI. The mixture is then treated with an 
alcohol and refluxed for a period of about 12 to 20 hours. Preferred alcohols include methanol, ethanol, and 
butanol. After cooling to ambient temperature, the mixture is partitbned between a suitable organic and an 
aqueous phase. One suitable combination is chloroform and concentrated sodium cart>onate solution. The aqu- 
eous layer may be further extracted, the organic phases combined, dried, and concentrated. The product may 
be purified by flash chromatography, concentrated, and converted to a desired salt. The resulting compound 
(t) may be used in Scheme III or Scherrw V to produce the desired Formula (I) compounds. 

The following Examples further illustrate certain of the compounds of the present invention, and methods 
for their preparation. The examples are illustrative only, and are not intended to limit the scope of the invention. 

The column chromatography procedures used standard flash chromotagraphy techniques. One well- 
known reference describing appropriate flash chromotagraphy techniques is Sti II. W.C. Kahn, and Mitra, J. Org. 
Chem. 1978, 43, 2932. Fractions containing product were generally evaporated under reduced vacuum to pro- 
vide the product 

Optical rotations were obtained using methanol, pyridine, or other suitable solvent 

The hydrochloride salt of the particular compound was prepared by placing the free base into diethyl ether. 

While stirring this ether solution, a solution of HQ in diethyl ether was added dropwise until the solution became 

acidic. Alternatively, the ether solution was treated with dry HCI gas. 

The mateate salt of the particular compound was prepared by placing the free base in ethyl acetate and 

treating with maleic acid. The predpitate fonmed was filtered and dried to provide the corresponding maleate 

salt of the free base. 



Preparation of (+/-) 6-methyl-1-(1-{4-methoxy-naphthalenyl)methyl)-1.2,3,4-tetrahydro-9H-pyrido[3,4-b]-in- 
dole hydrochloride 



Example 1 
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A solution of 4-methoxy-1-naphthaldehyde (20.0 g, 0.107 mol), N-acetytgtycine (12.58 g, 0.107 md) and 
sodium acetate (8.81 g. 0.107 mol) in acetic anhydride (100 nnL) was heated to 100*'Cfor2 hours. The reaction 
mixture was cooled to ambient temperature and stinred for 10 hours under nitrogen atmosphere. The mixture 
was poured onto ice (250 mL) with stirring. The product was isolated by filtration, washed with water (3 X 50 
20 mL) and diethyl ether (3 X 50 mL) and dried under reduced pressure (3.16 g ). 



25 



30 




A suspension of azalactone prepared at>ove (2.00 g, 7.5 mntol) and 5-methyltryptamine hydrochloride 
(1.18 g, 5.62 nrvnol) in IN HCI (20 mL) was heated to refiux for 48 hours under nitrogen atmosphere. The re- 
action mixture was cooled to ambient temperature and the crude product isolated by filtration. The brown solid 
40 was triturated with isopropyl alcohol (3 X 50 mL) and washed with diethyl ether (3 X 50 mL). Recrystallization 
from ethanol afforded 1.42 g of desired product as a pale solid, (mp 271.7*'C) 
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Analysis: 


Calculated 


Found 


C 


73.36 


73.60 


H 


6.41 


6.51 


N 


7.13 


7.20 



50 

Example 2 

Preparation of (+/-) 6-methyl-1-(1 -(2-methoxy-naphthalenyl)methyl)1 .2.3.4-tetrahydro-9H-pyrido[3.4-b]indole 
hydrochloride 

55 
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To a Stirred, cooled (-78*'C) solution of methoxymethyl-triphenylphosphonlum chloride (11.05g. 32.2 mmol) 
In 150 mL of anhydrous THF was added n-butyllithium (20.14 mL of 1.6 M solution in hexanes. 32.2 mmol) 
dropwise via syringe. After complete addition, the solution was stirred at this temperature for 15 min. A solution 
of 2-methoxy-1-naphthaldehyde (5.0 g, 26.9 mmol) in THF (75 mL) was added to the solution dropwise by ad- 

15 dition funnel. After complete addition, the solution was allowed to warm to ambient temperature and stir for 
14 hours. A saturated solution of ammonium chloride (100 mL) was added and the mixture was partitioned 
between diethyl ether and water. The organic phase was dried over anhydrous sodium sulfate, filtered and 
concentrated under reduced pressure. The crude residue was purified by plug filtration (silica gel. eluent40% 
ethyl acetate/hexanes) and afforded 5.0 9 of product as a mixture of end ethers, which was used without further 

20 purification. 



25 




A solution of enol ethers prepared above (5.0 g, 23.3 mmol) in diethyl ether (50 mL) was treated with water 
(1.0 mL) and perchloric acid (1 .5 mLof 60% solution). The solution was stirred at ambient temperature for 72 
hours. The solution was diluted with chloroform (100 mL) and neutraltzed with saturated sodium bicart>onate 
35 solution. The mixture was extracted with chloroform (3 X 100 mL) and the combined organic phases were dried 
over sodium sulfate and concentrated. The residue was purified by flash chromatography on silica gel (5% 
diethyl ether/hexanes as eluent) to afford (2-methoxy-1-naphthyl)-acetaldehyde (1.79 g) as a colorless oil. 



40 



45 




To a stirred solution of 5-methyltryptamine hydrochloride (947 mg, 4.49 mmol) in 20 mL of ethyl alcohol 
was added (2-methoxy-1-naphthyl)-acetaldehyde (1.0g. 4.99 mmol). The solution was heated to reflux under 
nitrogen atmosphere for 40 hours. The reaction mixture was cooled to ambient temperature and the crude prod- 
uct isolated by filtration. Recrystallization from ethyl alcohol/2-butanone afforded product as a pale solid (705 
55 mg). (mp. 245.3**C). 
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Analysis: 


Calculated 


Found 


C 


73.36 


73.29 


H 


6.41 


8.64 


N 


7.13 


7.12 



Example 3 

Preparation of (+/-) 6-methyl-1-(1-naphthalenyl-1-ethyl)-1.2.3.4-tetrahydro-9H-pyrido[3.4-blindole 



IS 



20 



25 




To methanesuKbnic acid (215 mL) was added phosphorus pentoxide (31 .8 g) slowly with stirring. After the 
addition was complete, the mixture was further stirred under nitrogen atnnosphere for 2 hours until homoge- 
neous. To this solution was added 1-naphthytacetonitrile (50 g« 0.3 nrK>l) in a single portion, followed by 2-me- 
thyl-2,4-pentanediol (76.4 mU 0.6 hdoI) dropwise at such a rate as to maintain a temperature t>6tween 25 and 
SC'C (1 hour). After complete addition, the reaction mixture was stirred at ambient temperature for 10 hours 
and poured onto ice (500 g). The mixture was made basic with sodium hydroxide solution (50%), added at such 
a rate as to keep the temperature below 35X. The mixture was extracted with diethyl ether (3 X 250 mL) and 
the combined oiiganic phases were dried over magnesium sulfate and concentrated under reduced pressure 
to afiford a green solid. 

Recrystallization from ethyl acetate afforded intermediate product (28.3 g) which was used without further pur- 
ification. 



45 



50 




To a cooled (-78''C> solution of previously prepared intermediate product (28.3 g, 0.106 mol) in THF (475 
mL) under argon atmosphere was added t-butyllithium solution (68.4 mL, 1-7 M In pentane, 0.116 mol) dropwise 
via syringe with stirring over 15 minutes. After complete addition, the orange solution was stirred at -78*'C for 
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30 minutes. Methyl iodide (6.6 mU 0.1 06 mol) was added dropwise via syringe and the resulting solution further 
stirred at -78*'Cfor45 minutes. t-Butyllithium (68.4 mL. 1 .7 M in pentane, 0.116 mol) was added dropwise over 
15 minutes and the orange solution stirred for 2 hours. The mixture was poured Into Ice/water (500 mL) and 
was acidified to pH 2-3 with 5N HCI solution. The mixture was extracted with diethyl ether (2 X 100 mL) and 
5 these extracts were discarded. The aqueous phase was made basic with sodium hydroxide solution (50%). 
cooling the mixture with ice when necessary. The basic aqueous phase was extracted with diethyl ether (2 X 
200 mL) and the combined organic extracts were dried over magnesium sulfate, filtered and concentrated to 
afford product as an oily solid (13.15 g), which was used without further purification. 



15 



20 




30 



To a stirred cooled (-40''C) solution of previous product (13.15 g, 46.7 mmol) In THF (100 mL) and ethyl 
alcohol (100 mL) was added 5N HCI solution until pH 7. In a separate flask, a solution of sodium borohydrlde 
(2.52 g, 65.8 mmol) was dissolved in water (20 mL) to which 1 drop of 50% sodium hydroxide had been added. 
Portions of the sodium borohydrlde solution and 5 N HCI solution were alternately added to the reaction mixture 
such that the pH remained 6-8, at such a rate as to maintain temperature between -35 and -45''C. After com- 
plete addition, the reaction mixture was warmed to ambient temperature over about 2 hours. The reaction mix- 
ture was made basic with sodium hydroxide solution and extracted with diethyl ether (3 X 100 mL). The com- 
bined organic phases were washed with brine and dried ovemnagneslum sulfate. Filtration and removal of sol- 
vent afforded crude product (13.2 g) as a viscous oil, which was used without further purification. 
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Me 

oxalic acid, H-)0 




OHO 



50 A mixture of crude product from the previous reaction (13.2 g, 46.6 mmol) and oxalic acid dihydrate (1 9.1 

g, 152 mmol) in water (380 mL) was heated to reflux for 1 2 hours. The mbdure was cooled to ambient temper- 
ature and extracted with chloroform (2 X 100 mL). The combined organic phases were dried over magnesium 
sulfate, filtered and concentrated to afford aldehyde as an orange oil. Distillation (Kugelnohr) under reduced 
pressure afforded pure aldehyde (1.97 g) as a pate oil. 
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A solution of 5-methyltryptamine hydrochloride (1.11 g, 5.27 mmoi) and 2-(1-naphthyl)proplonaldehyde 
(0.97 g, 5.26 mnnol) in 95% ethyl alcohol was heated to reflux for 48 hours under nitrogen atmosphere. The 

20 mixture was cooled to ambient temperature and concentrated under reduced pressure. The residue was par- 
titioned between aqueous potassium cart>onate solution and chloroform. The chloroform phase was dried over 
magnesium sulfate and concentrated under reduced pressure. The residue was subjected to flash chromatog- 
raphy on silica gel (25% nrtethyl alcohol In chloroform as eluent), affording 529 mg of the higher rf isomer and 
200 mg of the lower rf isomer. Each diastereomer, independently, was dissoh/ed in ethyl acetate and treated 

25 with excess maleic acid. The maleate salts were isolated by f i Itration affording 570 mg of isomer A (+) and 30 
mg of isomer B (-). 
isomer A data: m/e = 340 
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Analysis 


Calculated 


Found 
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73.64 
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6.13 
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6.14 


6.44 
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isomer B data: m/e = 340 
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Example 4 



Preparation of (+/-) 6-(1 .1-dimethylethyl)-1-(1-naphthalenyl-1-ethyl)-1.2.3.4-tetrahydro-9H-pyrido[3,4-b]ln- 
dole hydrochloride 

50 



55 



25 



5 




RT,fcO psi 



10 4-Chlorobutyryl chloride (300 2.13 mol) was dissolved In dry THF (3 L) . To this solution was added 2,6- 

lutldine (252 mL) followed by 5% Pd/C (30 g). This mixture was placed in a Parr hydrogenator and shaken under 
60 psi of hydrogen for 6 hours. The mixture was purged with nitrogen, filtered, washing the catalyst with THF 
(500mL)p and concentrated at room temperature under reduced pressure. Distillation afforded 4-chlorobutanal 
(148.3 g) as a colorless liquid. 

15 
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25 




To a stirred suspension of 4-isopropylphenylhydrazlne hydrochloride nrranohydrate (15.3 g. 91.95 mmol) 
30 in chloroform (250 mL) was added saturated sodium carbonate solution (250 mL). The mixture was stirred for 
30 minutes until the organic phase appeared homogeneous, and extracted with chloroform (2X 200 mL). The 
combined organic phases were concentrated to afford the hydrazine free base as a yellow oil. This oil was 
dissolved in methanol (200 mL) and water (5 mL) and treated with sodium acetate (6.72 g. 82 mmol) and 4- 
chlorobutanat (8.7 g. 82 mmol). The mixture was placed In a sealable tube and purged with nitrogen for 10 
35 minutes. The tube was sealed and placed in an oil bath preheated to 100°C. Heating was continued for 18 
hours. The resulting dark solution was cooled to ambient temperature and concentrated under reduced pres- 
sure. The residue was partitioned between chloroform/methanol (75/25 by volume) and aqueous sodium car- 
bonate solution. The organic phase was concentrated and the crude indole ethanamine was purified by flash 
chromatography on silica gel (0-25% methanol gradient in chloroform as eluenQ. Fractions containing product 
40 were combined and concentrated. The oil was dissolved in diethyl ether (300 mL) containing 1% methanol and 
treated with dry HCI gas. The hydrochloride salt was Isolated by filtration, washed with 2-propano] (50 mL) 
and diethyl ether (100 mL) and dried to afford 5-isopropyltryptamine hydrochloride (9.8 g) as a pale solid, which 
was used without further purification. 
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A solution of 5-isopropyltryptamine hydrochloride (1.24 g, 5.19 mmol) and 2-(1-naphthyl)-propionaldehyde 
(0.95 g. 5.16 mnnol) in 95% ethyl alcohol was heated to reflux for 48 hours under nitrogen atmosphere. The 
mixture was cooled to ambient temperature and concentrated under reduced pressure. The residue was par- 
titioned between aqueous potassium carbonate solution and chloroform. The chloroform phase was dried over 

5 magnesium sulfate and concentrated under reduced pressure. The residue was subjected to flash chromatog- 
raphy on silica gel (25% methyl alcohol in chloroform as eluent). affording 500 mg of the higher rf isomer along 
with 400 mg of impure lower rf isomer. The major diastereomer was dissolved in ethyl acetate and treated with 
excess maleic acid. The hydrochloride salt was isolated by filtration affording 400 mg of named product as a 
pale solid. 

10 mye=369. 
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74.36 


74.58 
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N 


5.78 


5,81 



20 Example 5 

Preparation of (+/-) 6-methyl-1-(1-naphthalenylmethyl)-1,2,3,4-tetrahydro-9H-pyrido[3,4-b]indole hydrochlor- 
ide 




A solution of 1-naphthaldehyde (25.0 g, 0.16 mot), N-acetylglycine (1 9.0 g, 0.162 mo\) and sodium acetate 
(13.1 g, 0.160 mol) In acetic anhydride (147 mL) was heated to 100°C for 4 hours. The reaction mbcture was 
40 cooled to ambient temperature poured onto ice (300 mL) with stirring. The product was isolated by filtration, 
washed with water (3 X 50 mL) and diethyl ether (3 X 50 mL) and dried under reduced pressure (11.82 g). 
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A suspension of azalactone prepared above (3.15 g, 13.3 mmol) and 5-nriethyttryptamine hydrochloride 
(2.0 g, 9.5 mmol) in 1N HCI (50 mL) was heated to refluxfor 24 hours under nitrogen atmosphere. The reaction 
mixture was cooled to ambient temperature and the crude product isolated by filtration. The brown solid was 
triturated with isopropyl alcohol (3 X 50 mL) and washed with diethyl ether (3 X 50 mL). Recrystallization from 
5 ethanol afforded 1.94 g of desired product as the hydrochloride salt 
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15 Example 6 

Preparation of (+/-) 8-bromo-1-(1-naphthalenylmethyl)-1,2,3,4-tetrahydro-9H-pyrido[3,4-b]indole hydrochlor- 
ide 
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To a stirred suspension of 2-bromophenyl-hydrazine hydrochloride (25.8 115 mmol) in chloroform (500 
mL) was added saturated sodium carbonate solution (500 mL). The mixture was stirred for 30 minutes until 
^ the organic phase appeared homogenous, and extracted with chloroform (2 X 200 mL). The combined organic 
phases were concentrated to afford the hydrazine free base as a yellow oil. This oil was dissolved in methanol 
(100 mL) and treated slowly with 4-chlorot>utanal (prepared as descrit>ed in Example 4) (12.3 g, 115 mmol). 
The mixture was placed in a sealable tube and purged v^th nitrogen for 10 minutes. The tut>e was sealed and 
placed in an oil t>ath preheated to 95**C. Heating was continued for 18 hours. The resulting dark solution was 
40 cooled to ambient temperature and concentrated under reduced pressure. The residue was partitioned be> 
tween chloroform/methanol (75/25 by volume) and aqueous sodium caribonate solution. Theof9anic phase was 
concentrated and the crude indole ethanamine was purified by flash chromatography on silica gel (0-25% me- 
thanol gradient in chloroform as eluent). Fractions containing product were combined and concentrated. The 
oil was dissolved in diethyl ether (300 mL) containing 1% methanol and treated with dry HCI gas. The hydro- 
ps chloride salt was isolated by filtration, washed with 2-propanot (50 mL) and diethyl ether (100 mL) and dried 
to afford 7-bromotryptamine hydrochloride (3.6 g) as a pale solid, which was used without further purification. 
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A suspension of azatactone (prepared as described in Example 5) (55 g, 6.53 mnnol) and 7-bromotrypta- 
mine hydrochloride (1.50 g. 5.44 mmol) in 1N HCI (100 mL) was heated to reflux for 24 hours under nitrogen 
atmosphere. The reaction mixture was cooled to ambient temperature and the crude product isolated by fil- 
tration. The brown solid was triturated with isopropyl alcohol (3 X 50 mL) and washed with diethyl ether (3 X 
50 mL). Recrystallization from ethanol afforded 260 mg of desired product as the hydrochloride salt (mp = 
231-233''C. dec.) 



Analysis 


Calculated 


Found 


C 


61.77 


61.48 


H 


4.71 


4.63 


N 


6.55 


6.73 



35 



Example 7 

Preparation of (+/-) 6-methyl-8-bromo-1-(1-naphthalenylmethyl)-1,2,3,4-tetrahydro-9H-pyrido[3»4-blindole 



45 




HCl,NaN02,H20; 
SnClo,Hci; 

TKatfBf; ^ 

HCl,Et20 




NHNHs HCI 



55 



To a stirred, cooled (-5^C solution of 2-bromo-4-methyl-ani line (50.54 g, 0.272 mot) in concentrated HCI 
solution (200 mL) was added sodium nitrite (18.9 0.274 mol) in water (200 mL) dropwise at such a rate as 
to maintain temperature below 5*'C. After complete addition, the mixture was further stirred at 5^C for 30 min- 
utes. A solution of tin chloride monohydrate (185.4 g, 0.822 mol) in concentrated HCI (total volume 400 mL) 
was added dropwise again maintaining temperature below S^C. After complete addition and 30 minutes of fur- 
ther stinring, the mixture was placed in the freezer overnight The light brown solid which precipitated was iso- 
lated by filtration and washed with cold brine followed by a solution of petroleum ether/diethyl ether (2/1 by 
volume). This solid was slowly added to an ice cooled mbcture of 50% sodium hydroxide solution/ethyl acetate. 
The mixture was extracted with ethyl acetate and the organic phase dried over nrtagnesium sulfate. After f il- 
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tration, the solution was concentrated to 400 mL total volume, diluted with diethyl ether (1.5 L] and treated 
with dry HQ. The product, 2-br£>nx)-4-methyt- phenyl hydrazine hydrochloride (52.4 g) was isolated as a light 
brown solid and used without further purification. 




O 



5-Methyl-7-bromotryptamine hydrochloride (4.95 g) was prepared as described In Example 6, except using 
2-bronK>-4-methyl phenyl hydrazine hydrochloride (21 g) as starting material. 

20 




A suspension of azalactone (prepared as described in Example 5) (1.44 g, 6.07 mmol) and 5-methy1-7- 
bromotryptamine hydrochloride (1 .12 g. 3.B7 mvnoi) in 1 N HCI (80 mL) was heated to reflux for 24 hours under 

40 nitrogen atmosphere. The reaction mixture was cooled to ambient temperature, neutralized with saturated 
aqueous potassium cart>onate solution and extracted with chloroform. The solvent was removed under reduced 
pressure and the residue chromatographed on silica gel (ethyl acetate/0.2% NH4OH as eluent). The fractions 
containing product were pooled and concentrated under reduced pressure. The residue was dissolved in ethyl 
acetate containing 1% methanol and treated with maleic acid. The product was isolated as the maleate salt 

45 (840 mg) by filtration, 
(mp = 203-205°C. dec.) 



so 



Analysis 


Calculated 


Found 


C 


62.20 


62.44 


H 


4.83 


5.07 


N 


5.37 


5.56 
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Example 8 

Preparation of (+/-) 8-methoxy-1-(1-naphlhalenylmelhyl)-1,2,3,4-telrahydro-9H-pyrkJo[3,4-b]inclole 



5 



10 



15 




To a stirred, cooled (O'^C) suspension of 2-methoxyphenyl hydrazine hydrochtorlde (14.44 g, 83 mmol) In 
THF (600 mL) was added 4-chlorobutanal prepared as described in Example 5 (9.0 g, 84 mnrK>l) followed by 

20 dropwtse addition of triethylamine (8.6 g. 85 mmol) in THF (20 mL) . Upon complete addition, the cooling bath 
was removed and the solution stirred for 1 hour. The reaction mixture was filtered and the filter cake washed 
with TIHF (100 mL). The combined filtrates were concentrated to an orange oil, which was dissoh^ed in methanol 
(150 mL) and water (5 mL). The solution was transferred to a scalable tube and purged with nitrogen for 10 
minutes. The tube was sealed and placed in an oilbath preheated to SS^C. After heating for 14 hours, the re- 

25 action mixture was cooled to ambient temperature and concentrated under reduced pressure. The residue was 
partitioned between saturated aqueous potassium cart>onate and 3:1 chloroform: 2-propanol. The organic 
phase was dried over sodium sulfate and concentrated. The residue was purified by flash chromatography on 
silica gel (15% methanol, 0.2% NH4OH. In chloroform as eluent). The fractions containing product were pooled 
and concentrated under reduced pressure. The residue was dissolved in methanol and treated with dry HCI 

30 and concentrated to afford 7-methoxytryptamine hydrochloride (4.04 g) as a stable foam, which was used with- 
out further purification. 




A suspension of azalactone (prepared as described in Example 5) (1.30 g, 5.5 mmot) and 7-methoxytryp- 
tamine hydrochloride (1.08 g, 4.8 mmol) in IN HQ (100 mL) was heated to reflux for 24 hours under nitrogen 
atmosphere. The reaction mixture was cooled to ambient temperature, neutralized with saturated aqueous po- 
tassium cart>onate solution and extracted with chlorcfonm. The solvent was removed under reduced pressure 
55 and the residue chromatographed on silica gel (ethyl acetate/0.2% NH4OH as eluent). The fractions containing 
product were pooled and concentrated under reduced pressure. The residue was dissolved in ethyl acetate 
containing 1% methanol and treated with maleic acid. The product was isolated as the maleate salt (880 mg ) 
by filtration. 
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(mp = 226-227-C. dec.) 



5 



Anal ys 16 


Calculated 


Found 


C 


70.73 


70.61 


H 


5.72 


5.77 


N 


6.11 


6.03 



10 

Example 9 

Preparation of (+/-) 6-bromo-1-(1-naphthalenyImethyl)-1,2,3,4-tetrahydro-9H-pyrldoI3.4-b]indole 



20 



25 



30 




A suspension of azalactone (prepared as described in Example 5) (1 .4 g, 5.9 mmol) and 5-bromotryptamine 
hydrochloride (1.77 g. 6.4 mmol) in 1N HCI (100 mL) was heated to reflux for 24 hours under nitrogen atmos- 
phere. The reaction mixture was cooled to ambient temperature, neutralized with saturated aqueous potassium 

^ cartx)nate solution and extracted with chlorofbmn. The solvent was removed under reduced pressure and the 
residue chromatographed on silica gel (ethyl acetate/0.2% NH4OH as eluent). The fractions containing product 
were pooled and concentrated under reduced pressure. The residue was dissoh/ed in ethyl acetate containing 
1% methanol and treated with maleic add. The product was Isolated as the maleate salt (540 mg) by filtration, 
(mp = 234-235X. dec.) 

40 m/e= 330. 



45 



Analysis 


Calculated 


Found 


C 


61.55 


61.38 


H 


4.57 


4.64 


N 


5.52 


5.29 



^ Example 10 

Preparation of (+/-) 7-methyt-8-bromo-1-(1-naphthalenylmethy1)-1,2,3,4-tetFahydro-9H-pyrido[3,4-b]indole 
hydrochloride 

55 



32 



5 



10 




6-Methyl-7-bronnotryptamine hydrochloride was prepared (2.42 g) as described for 5-methyl-7-bromotryp- 
16 tamine hydrochloride In Example 7, except using 2- bromo-3-methyl phenyl hydrazine hydrochloride as starting 
material. 




36 A suspension of azalactone (prepared as described in Example 5) (1.07 g, 4.51 mmol) and 6-m6thyt-7- 

bromotryptamine hydrochloride (1 .22 g, 4.21 mmol) in 1 N HCI (70 mL) was heated to reflux for 65 hours under 
nitrogen atmosphere. The reaction mixture was cooled to ambient temperature, neutralized with saturated 
aqueous potassium carbonate solution and extracted with chloroform. The solvent was renmved under reduced 
pressure and the residue chromatographed on silica gel (ethyl acetate/0.2% NH4OH as eluent). The fractions 

40 containing product were pooled and concentrated under reduced pressure. The residue was dissolved In ethyl 
acetate containing 1% methanol and treated with dry HCI. The product was isolated as the hydrochloride salt 
(840 mg) by filtration, (mp = 276-279*'C. dec.) 



45 



Analysis 


Calculated 


Found 


C 


62.53 


62.79 


H 


5.02 


4.96 


N 


6.34 


6.19 



50 

Example 11 

Preparation of (+/-) 6-cyclohexyt-1-(1-naphthalenylmethyl)-1,2,3.4-tetrahydrD-9H-pyrido[3,4-b]indole hydro- 
ps chloride 
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4-Cyclohexylphenylhydrazine hydrochloride (35.6 g) was prepared as described for 2-bromo-4-methylphe- 
nylhydrazine hydrochloride in Example 7« except using 4-cyclohexylaniline as starting material. 




O 



5-Cyclohexyltryptamlne hydrochloride was prepared (1.29 g) as described for 5-methyl-7-bromotrypta- 
mine hydrDchtoride in Example 7, except using 4-cyclohexyl phenyl hydrazine hydrochloride as starting material. 




A suspension of azalactone (prepared as described in Example 5) (1 .09 g, 4.59 mmot) and 5-cyclohexyl- 
tryptamine hydrochloride (1.28 g, 4.59 mmd) in 1 N HC\ (70 mL) was heated to reflux for 14 hours under ni- 
trogen atmosphere. The reaction mixture was cooled to ambient temperature and the crude product isolated 
by filtration. The solid was recrystallized from ethanol (2X) to afford 690 mg of desired product as a pale solid 
hydrochloride salt 
m/e= 395 
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Analysis 


Calculated 


Found 


C 


78.03 


78.26 


H 


7.25 


7.06 


N 


6.50 


6.48 



10 



Example 12 

Preparation of (+/-) 2,6-diniethyl-1-(1-naphthaIenylmethyl)-1.2,3,4-tetrahydro-9H-pyrido[3,4-b]indole hydro- 
chloride 



15 



20 



25 



30 



35 



40 



Me 




Ms 

HCHO, HCO2H 
100**C 



NMe HCI 




To an aqueous solution (200 mL) of 5-mekhyl-1-(1-^aphthalenylmethyl)-1,2,3,4-tetrahydro-9H-pyndo[3,4- 
b]indole hydrochloride (2.00 g. 5.51 mmol) previously prepared in Example 5, was added formic acid (4.1 mL) 
and formaldehyde solution (0.8 mL of 37% aqueous solution). The mixture was heated to reflux for 72 hours. 
The solution was made basic with saturated potassium carbonate solution and extracted with chloroform (2 X 
1 00 mL). The combined organic phases were dried over potassium carbonate and concentrated under reduced 
pressure. The crude product was purified by flash chromatography on silica gel (chloroform as eluent) . The 
fractions containing product were pooled and concentrated to a viscous oil. The oil was dissolved in diethyl 
ether and treated with anhydrous HCI and the resulting hydrochloride salt was isolated by filtration. Drying 
afforded the named product (1 .34 g). 
m/e = 340. 



Analysis 


Calculated 


Found 


C 


76.48 


76.58 


H 


6.68 


6.63 


N 


7.43 


7.28 



Example 13 

Preparation of (+/-) 5-fluoro-6-methyl-1-(1-naphthalenylmethyl)-1,2,3,4-tetrahydro-9H-pyrido[3.4-b]indole 



50 
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30 4-Fluoro-5-methyltryptamine hydrochloride was prepared (2.20 g) as described for 5-methyl-7-bromotryp- 

tamine hydrochloride in Example 7, except using 3-fluoro-4-methylphenylhydrazine hydrochloride (6.00 g) as 
starting nnaterial. 



35 



40 



45 




50 

A suspension of azalactone (prepared as described in Example 5} (2.3 g, 9.6 mmol) and 4-f luoro-5-me- 
thyltryptamine hydrochloride (2.2 g, 9.6 mmol) in 1N HCI (40 mL was heated to reflux for 24 hours under ni- 
trogen atmosphere. The reaction mixture was cooled to ambient temperature, neutralized with saturated aqu- 
eous potassium cart>onate solution and extracted with chloroform. The solvent was removed under reduced 
55 pressure and the residue chromatographed on silica gel (ethyl acetate/0.2% NH4OH as eluent). The fractions 
containing product were pooled and concentrated under reduced pressure. The residue was dissolved in ethyl 
acetate containing 1% methanol and treated with maleic acid. The product was isolated as the maleate salt 
(520 mg) by filtration. 
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Analysis 


Calculated 


Found 


C 


70.42 


70,45 


H 


5.47 


5.41 


N 


6.08 


6.10 



10 



Example 14 

Preparation of (+/-) 7.8,9.1 0-tetrahydrD-10-(1-naphthalenylmethyl)-11H-ben2o[g]pyrido[3,4-b]indole 



NHNHa 



25 




MeQH,95°C; ^ 
Et20,MeOH,HCl 




NHj HCI 



6.7-benzotryptamrne hydrochloride was prepared (2.85 g) as described for 5-methyl-7-bromotryptamine 
hydrochloride in Example 7, except using 1-naphthyl hydrazine hydrochloride (6.00 g) as starting material. 



30 



35 



40 



45 




NHa HCI 



IN HCl.reflu ^ 
Omaleic acidij 



NH maieate 




50 



55 



Asuspension of azalactone (prepared as described in Example 5) (2.75 g, 11.6 mmol) and 6.7-benzotryp- 
tamine hydrochloride (2.85 g. 11.6 mmol) in IN HCI (50 mL) was heated to reflux for 24 hours under nitrogen 
atmosphere. The reaction mixture was cooled to ambient temperature, neutralized with saturated aqueous po- 
tassium cart>onate solution and extracted with chloroform. The solvent was renrK>ved under reduced pressure 
and the residue chromatographed on silica gel (ethyl acetate/0.2% NH4OH as eluent). The fractions containing 
product were pooled and concentrated under reduced pressure. The residue was dissolved in ethyl acetate 
containing 1% methanol and treated with maleic acid. The product was isolated as the maieate salt (300 mg) 
by filtration, 
m/e = 363. 
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Analysis 


Calculated 


Found 


C 


75.30 


75.04 


H 


5.48 


5.36 


N 


5.85 


5.76 



Example 15 

Preparation of (+/-) 6-(1 J-dimethylethyl)-1,2,3,4-tetrahydro-1-{1-naphtlialenylmethyl)-9H-pyrido[3.4b]indole 




5-(1»1-dimethyl6thyl)-tryptamlne hydrochloride was prepared (2.95 g) as described for 5-methyt-7-bromo- 
tryptamine hydrochloride in Example 7. except using 4-(1,1-dimethytethyl) phenyl hydrazine hydrochloride 
(6.00 g) as starting material. 



30 



36 



40 




A suspension of azalactone (prepared as described In Example 5) (1.25 g, 5.26 mmol) and 5-(1,1-dlme- 
thylethylHryptamine hydrochloride (1.33 g, 5.28 mmol) in 1N HCI (50 mL) was heated to reflux for 24 hours 
under nitrogen atmosphere. The reaction mixture was cooled to ambient temperature, neutralized with satu- 
rated aqueous potassium cart>onate solution and extracted with chloroform. The solvent was removed under 
reduced pressure and the residue chromatographed on silica gel (ethyl acetate/0.2% NH4OH as eluent). The 
fractions containing product were pooled and concentrated under reduced pressure. The residue was dissolved 
In ethyl acetate containing 1 % methanol and treated with maleic acid. The product was isolated as the maleate 
salt (700 mg) by filtration. 
m/e=369 
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Analysis 


Calculated 


Found 


C 


74.36 


74.08 


H 


6.66 


6.69 


N 


5.78 


5.69 



Example 16 

Preparation of (+/-) 6-(1-methylethyl)-1,2,3.4-tetrahydro-1-(1-naphthalenylmethyl)-9H-pyrido[3.4b|indole 



15 



20 



25 




A suspension of azalactone (prepared as descrjt)ed in Example 5) (1.75 g, 7.38 mnriol) and 5-isopropyl- 
tryptamine hydrochloride (prepared as described in Example 4) (1.76 g, 7.37 mmd) in IN HCI (40 mL) was 
heated to reflux for 24 hours under nitrogen atmosphere. The reaction mixture was cooled to ambient temper- 
ature, neutralized with saturated aqueous potassium cartxinate solution and extracted with chloroform. The 
solvent was removed under reduced pressure and the residue chromatographed on silica gel (ethyl acet- 
ate/0.2% NH4OH as eluent). The fractions containing product were pooled and concentrated under reduced 
pressure. The residue was dissolved in ethyl acetate containing 1% methanol and treated with maleic acid. 
The product was isolated as the maleate salt ( 671 mg ) by filtration. m/e=355 



40 



45 



Analysis 


Calculated 


Found 


C 


74.02 


74.08 


H 


6.43 


6.21 


N 


5.95 


5.83 



Example 17 

Preparation of (+/-) 6.9-dimethyl-1,2,3,4-tetrahydro-1-(1-naphthalenylmethyl)-9H-pyrido[3,4-b]indole hydro- 
chlortde 
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5 




To a stirred suspension of 5-methyltryptamine hydrochloride <10.0 g, 43.2 mmol) in chloroform (300 mL) 
was added saturated sodium carbonate solution (300 mL). The mixture was stinred at ambient temperature for 
1 hour. The layers were separated and the aqueous layer was back extracted with chloroform (2 X 100 mL). 
The combined organic layers were dried over sodium sulfate and concentrated. The residue was dissolved in 
15 toluene (300 mL) and treated with phthallc anhydride (7.05 g, 47.6 mmol). The solution was heated to reflux 
for 14 hours with azeotropic renrK>val of water (by Dean-Stark trap). The solution was cooled to ambient tem- 
perature and concentrated to afford crude product as a pale foam. Recrystallization from ethanot afforded 
product phthallmkje (13.52 g) as a white solid, which was used without further purification. 




30 To a stirred, cooled (O^'C) suspension of potassium hydride (25% oil dispersion, 8.24 g, 51 .3 mmol) in dry 

THF (50 mL) was added a solution of phthalimide prepared above (13.02 g, 42.8 mmol) in THF (150 mL) over 
30 minutes. After complete addition, the mixture was further stirred for 1 hour. Tetramethylethylened famine 
(7.7 mL , 51.3 mmol) was added, followed by methyl iodide (4.0 mU 63.8 mmol). After 1 hour, the reaction was 
quenched by addition of water (200 mL), folk)wed by extraction with diethyl ether (2 X 1 00 mL). The combined 

35 organic phases were dried over magnesium sulfate and concentrated under reduced pressure to afford product 
as a yellow sotkJ (14 g) which was used without further purification. 




A solution of phalimide prepared in the previous step (14 g, 42.8 mmol) in methanol (85 mL) was treated 
with hydrazine (3.4 mL, 109 mmol). The mixture was heated to reflux for 2 hours. The mixture was cooled to 
ambient temperature, treated with concentrated HCI (7 mL) and methanol (25 mL), and further heated to reflux 

50 for 14 hours. After cooling to ambient temperature, the mixture was partitioned between chloroform (200 mL) 
and saturated aqueous sodium carbonate solution (200 mL). The aqueous layer was further extracted with 
chloroform (2 X 100 mL) and the organic phases combined, dried over sodium sulfate and concentrated. The 
crude product was purified by flash chromatography on silica gel (0-25% methanol in chloroform/0.2% NH4OM 
as eluent). The product containing fractions were pooled and concentrated under reduced pressure. The re- 

55 sidue was dissolved in diethyl ether and treated with anhydrous MCI. The product 1.5-dimethyltryptamine hy- 
drochloride (6.08 9) was isolated by filtration as a tan solid and used without further purif icatton. 
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A suspension of azalactone prepared as described in Example 5 (1.06 g, 4.45 mmd) and 1 ,5-dimethyl- 
tryptamine hydrochloride (1.00 4.47 mmot) in 1N HCI (50 mL) was heated to reflux for 48 hours under ni- 
15 trogen atmosphere. The reaction mixture was cooled to ambient temperature and the crude product isolated 
by filtration. The brown solid was triturated with isopropyl alcohol (3 X 50 mL) and washed with diethyl ether 
(3 X 50 mL). Recrystallization from ethanol afforded 710 hdq of desired product as the hydrochloride salt 
m/e=340. 



20 


Analysis 


Calculated 


Found 




C 


76.48 


76.78 




H 


6.68 


6.58 


25 


N 


7.43 


7.50 



Example 18 

30 Preparation of (-HS)-6-methyl-1,2,3.4-tetrahydro-1-(1-naphthalenytmethyl)-9H-pyrido[3,4-b]indole hydro- 
chloride 



36 



40 




To a stirred solution of 6-methyl-1,2,3,4-tetrahydro-9H-pyridoI3,4-b]indoIe (3.14 g, 16.9 mmol) in dry xy- 
lenes ( 65 mL ) was added (S)-N,N-dimethyl-N-(1-tert-butoxy-3-nrTethyl)-2-butylformamidine (3.79 g , 17.7 
^ mmol) followed by camphorsutfonic acid (200 mg). The resulting solution was heated to reflux for 72 hours. 
The solution was cooled to ambient temperature and concentrated under reduced pressure. The residue was 
purified by flash chromatography on silica gel (1 :3:6 triethylamine:ethyl acetate:hexanes as eluent). The prod- 
uct containing fractions were pooled and concentrated to afford the product formamidine (5.99 g) as a viscous 
oil which was used without further purification. 



55 
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To a stirred, cooled (0*^C) suspension of potassium hydride (25% oil dispersion. 829 mg. 20.2 mmol) in 
TIHF (1 0 mL) was added formamidine prepared above (5.99 g, 16.8 mmol) in THF (45 mL). To this mixture was 
added tetramethylethylenediamine (3.0 mL, 20.2 mmol) followed by chioromethylmethyl ether (1.9 mU 25.2 
mmol). The mixture was stirred for an additional 1 hour and treated with water (50 mL). The mixture was par- 
15 titloned between diethyl ether and water and the layers separated. The aqueous phase was extracted with 
diethyl ether (2 X 100 mL) and the organic phases combined, dried over potassium cart}onate, and concen- 
trated to afford product (6.73 g) as an orange oil, which was used without further purification. 



20 



25 



30 




To a stirred, cooled (-78''C) solution of previously prepared formamidine (3.36 g, 8.4 mmol) in dry THF (55 
mL) was added n-BuU (1.7M solution In hexanes, 5.4 mL., 9.18 mmol) dropwlse over 5 minutes. The solution 

35 was further stirred at -78°C solution for 1 hour and treated with 1-chloromethylnaphthalene (1 .62 g, 9.1 8 mmol) 
in dry THF (10 mL). The solution was further stirred for 4 hours at -TB^C and allowed to warm to room tem- 
perature overnight Wet THF was added (50 mL) and the solution was concentrated under reduced pressure. 
The residue was dissolved in chloroform and washed with water. The organic phase was dried over sodium 
cart>onate and concentrated. The crude product was purified by flash chromatography on silica gel (1:3:6 trie- 

40 thylamine:ethyl acetateihexanes as eluent). The product containing fractions were pooled and concentrated 
to afford product (3.48 g ) as a viscous oil (m/e = 539) which was used without further purification. 




To a stirred solution of methoxymethyl indole prepared above (3.48 g , 6.45 mmol) in THF (30 mL) was 
added 2N HCI (30 mL). The mbcture was stirred at ambient temperature for 24 hours, and partitioned between 
55 diethyl ether and water. The aqueous phase was backextracted with diethyl ether (2 X 50 mL) and the combined 
organic phases were washed with brine, dried over sodium cart>onate, and concentrated under reduced pres- 
sure. The residue was dissolved in THF (20 mL) and treated with 2N sodium hydroxide solution (6 mL). After 
2 hours, the reaction mixture was extracted with chloroform (2 X 100 mL). The organic phase was dried over 



42 




EP 0 620 223 A2 

sodium carbonate and concentrated to afford product (2.68 g) as a viscous oil. 
(m/e= 495 ). 



5 



10 




IS To a stirred, cooled (O^C) solution of previously prepared formamidlne (2.68 g, 5.41 mnK>l) in ethanol (100 

mL) was added water (12 mL) followed by acetic acid (12 mL) and hydrazine hydrate (22 mL>. The reaction 
vessel was placed in the freezer (-10°C) for 72 hours. The mixture was warmed to ambient temperature and 
concentrated under reduced pressure. The crude product was dissolved in chloroform (300 mL) and washed 
with water (3 X 50 mL). The organic phase was dried over sodium carbonate and concentrated to a viscous 

20 oil. The oil was dissoh/ed In diethyl ether and treated with anhydrous HCL The hydrochloride salt (1 .50 g) was 
isolated by filtration. Recrystailization from ethanol (2 X) afforded material of constant rotation. Chiral HPLC 
confirmed 

enantiomeric purity as > 95% ee. (m/e=326) 
specific rotation @ 589 nM = -40.21 (pyridine, C=1) 
25 specific rotation @ 365 nM = -i'80.43 (pyridine, C=:1) 



30 



Analysis 


Calculated 


Found 


C 


76.12 


75.96 


H 


6.39 


6.56 


N 


7.72 


7.44 



35 Example 19 

Preparation of 6-methyl-1-[(4-dinnethytaminonaphthalenyl)methy1]-1 ,2,3,4-tetrahydro-9H-pyrido[3,4-b]indole 
dihydrochloride -monohydrate 



45 



50 




To a stirred, cooled (-78''C) suspension of methoxymethyltriphenylphosphonium chloride (10.32 g, 30.1 mmol) 
in dry THF (150 mL) was added n-BuLi solution (18.8 mL. 1.6 M, 30.1 mmol) dropwise by syringe. The orange 
suspension was stirred at -78**C for 15 min. A solution of 4-dimethytamino-1-naphthaldehyde (5.00 g, 25.1 
55 mmol) in THF (75 mL) was added to the ylide dropwise over 1 0 min. The reaction mixture was gradually warmed 
to ambient temperature and stinred 14H. Saturated amnrwnium chloride solution (100 mL) was added and the 
mixture extracted with diethyl ether (3 X 50 mL). The combined organic phases were dried over sodium sutfate 
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and concentrated under reduced pressure. Chromatography on silica gel, eluting with 15% ethyl acetate/hex- 
anes afforded product (5.43 g) as a mixture of olefin isomers which was used without further purification. 



5 



10 



IS 




20 

A mixture of 5-methyltryptamlne hydrochloride (695 mg, 3.3 mmd) and lHmethoxy-4'-dimethylamino-benzos- 
tyrene (1.00 g, 4.4 mmd) in acetonitrile (20 mL) and 1 N HCI solution (150 mL) was heated to reflux for 96H, 
with addition of 1 mL of cone HCI added at 4H. The reaction mixture was cooled to ambient temperature, neu- 

25 tralized with saturated aqueous potassium carbonate solution and extracted with chloroform. The combined 
organic phases were concentrated under reduced pressure and the residue chromatographed on silica gel 
(2.5% MeOH/chloroform/0.2% NH4OH as eluent). The fractions containing product were pooled and concen- 
trated under reduced pressure. The residue was dissolved in ethyl acetate and treated with anhydrous HCI. 
The product was isolated as the dihydrochloride salt monohydrate(1.22 g) by filtration.. 

30 mp. 231.3**C, 
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Analysis: 


Calculated 


Found 


C 


65.21 


65.30 


H 


6.79 


6.60 


N 


9.13 


9.03 



As noted above, the compounds of the present invention are useful in blocking the effect of agonists at 
^ 5-HTie receptors. Thus, the present invention also provides a method for blocking 5-HTie receptors in mammals 
comprising administering to a mammal requiring blocking of a S-HT^c receptor a receptor blocking dose of a 
compound of the invention. 

The term "receptor blocking dose", as defined herein, means an anrwMjnt of compound necessary to block 
a 5-HT1C receptor following administration to a mammal requiring blocking of a 5- HTic receptor. The active conrv 
^ pounds are effective over a wide dosage range. For example, dosages per day will normally fall within the range 
of about 0.05 to about 250 mg/kg of body weight In the treatnnent of adult humans, the range of about 0.5 to 
100 mg/kg, in single or divided doses. Is preferred. However, It will be understood that the anrKHjnt of the conrv 
pound actually administered will be determined by a physician in light of the relevant circumstances, including 
the condition to be treated, the choice of compound to be administered, the age, weight, and response of the 
^ Individual patient the severity of the patient* s symptoms, and the chosen route of administration, and therefore 
the above dosage ranges are not intended to limit the scope of the invention in any way. The compounds may 
be administered by a variety of routes such as oral, transdermal, 8ut>cutaneous, intranasal, intramuscular, and 
intravenous routes. 

A variety of physiologic functtons have been shown to be subject to be influenced by 5-HTic receptors. 
55 Therefore, the compounds of the present invention can be used to treat a variety of disorders in mammals as- 
sociated with these receptors. Such disorders include sleeping disorders, eating disorders, including bulimia 
and obesity, thermoregulation, sexual disorders, hyperactivity, excessive aggression, alcoholism, anxiety, ob- 
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sessive-compulsive dteorders, depression, panic disorders, Gilles de la Tourette syndrome, migraine head- 
aches, and Alzheimer's Disease. Additionally, effects of the 5-HTic receptor indicate that the compounds of 
the present invention can be useful for relieving the sensation of pain. Thus, the present invention also provides 
methods for treating the above disorders and for relieving the sensation of pain. 

5 Several examples of more specific disorders which may be treated using compounds of this invention In- 

clude, but are not limited to: (numerals in parenthesis refer to the DSM-III-R Classification Codes) Attention- 
deficit hyperactivity disorder (314.01), Conduct disorders (312.20, 312.00, 312.90), Primary degenerative de- 
mentia of the Alzheimer type, senile onset (290.30. 290.20, 290.21, 290.00), Primary degenerative dementia 
of the Alzheimer type, presenile onset (290.11, 290.12, 290.13, 290.10), Alcohol withdrawal delirium (291.00), 

10 Alcohol hallucinosis (291 .30). Alcohol, dementia associated with alcoholism (291 .20), cannabis, delusional dis- 
order (292.11), cocaine, intoxication (305.60), hallucinogen, mood disorder (292.84), nicotine, withdrawal 
(29Z00), phencyclidine or similarly acting arylcyclohexylamlne, Intoxication (305.90), other psychoactive sub- 
stance, intoxication (305.90), delirium (293.00), dementia (294.10), Organic delusional disorder (293.81), or- 
ganic hallucinosis (293.82). organic mood disorder (293.83), organic anxiety disorder (294.80). organic per- 

16 sonallty disorder (3 10.1 0), organic mental disorder (294.80), Schizophrenia, catatonic (295.21 , 295.22, 295.23, 
295.24, 295.25, 295.20). schizophrenia, disorganized (295.11. 295.12, 295.13, 295.14. 295.15, 295. 00>, schiz- 
ophrenia, paranoid (295.31. 295.32. 295.33. 295.34, 295.35, 295.00), schizophrenia, undiffertiated (295.91. 
295.92, 295.93. 295.94, 295.95, 295.00), schizophrenia, residual (295.61. 295.62, 295.63, 295.64, 295.65, 
295.60), delusional (paranoid disorder (297.10), schizophreniform disorder (295.40), schizoaffective disorder 

20 (295.70). Induced psychotic disorder (297.30), Bipolar disorder, mixed (296.61, 296.62, 296.63, 296.64. 
296.65, 296.66. 296.60). bipolar disorder, manic (296.41. 296.42, 296.43, 296.44, 296.45, 296.46, 296.40), bi- 
polar disorder, depressed (296.51 , 296.52, 296.53. 296.54, 296.55, 296.56, 296.50), major depression, single 
episode (296.21. 296.22. 296.23, 298.24. 296.25, 296.26, 296.20), major depression, recurrent (296.31, 
296.32. 296.33, 296.34, 296.35. 296.36, 298.30), obsessive compulsive disorder (300.30), post-traumatic 

26 stress disorder (309.89), generalized anxiety disorder (300.02), hypochondriasis (300.07), somatization dis- 
order (300.81), male erectile disorder (302.72), intermittent explosive disorder (312.34), impulse control dis- 
order (312.39), paranoid (301.00). schizoid (301.20). schizotypal (301.22). antisocial (301.70). and borderline 
(301.83). 

One particularly unexpected embodiment of this invention provides selective tigands for the 5-HTic recep- 
30 tor. Compounds with a high affinity for the 5-HTio receptor generally are cross-reactive with the 5-HT2 receptor 
as well. Now 5-HTtc receptors can be selectively modulated using compounds of this invention at rates set 
forth above for blocking the effects of agonists at S-HT^c receptors. The selective affinity may provide treat- 
ments with fewer side effects and will facilitate the development of additional therapeutic agents. 

The compounds of the present Invention have been found to display excellent activity in a 5-HTie receptor 
36 binding assay which measures the affinity of the compounds to bind to S-HT^c receptors. Conversely, com- 
pounds with selective 5-HTic activity displayed low affinity for the 5-HT2 receptor. Therefore, the compounds 
were tested for 5-HT2 affinity to demonstrate the selecth/e 5-HTic effect. The assays were conducted by the 
following procedures. 

5-HT1C selective compounds can be identified using the following biological assay procedures. Conrv 
40 pounds having a selective affinity for the 5-HTie receptor have a low ICso in the 5-HTic receptor assay and a 
higher ICso in the 5-HT2 receptor assay. As shown by Table II (below) the compounds prepared in Examples 
3, 4, 5, 7. 10, 13. 15, and 16 are particularly 5-HTic selective. 

I. Biological Reagent Preparation. 

46 

Beef brain was renrK>ved immediately after slaughter, and choroid plexus were dissected over ice. Male 
Sprague-Dawley rats weighing 125-150g (Hartan Industries, Cumberland, IN) were killed by decapitation. The 
brain of each was immediately removed and the cerebral cortex was dissected over ice. Tissues were homo- 
genized in 9 volumes of 0.32 mol/L sucrose and centrif uged at 1 ,000 x g for 10 minutes. The supernatant was 
so centrif uged at 1 7,000 x g for 20 minutes. The pellet was suspended in 100 volumes of 50 mM Tris-HCL(pH7.4), 
incubated at 37°C for 1 0 minutes and centrif uged at 50,000 x g for 10 minutes, and the process was repeated 
three times. The final pellets were frozen at -70*'C and used within 2 weeks. Pellets were rehydrated with phy&- 
iological buffer prior to use. 

55 II. Assay Procedure. 

Radioligand binding assays for 5-HTic and 5-HT2 receptors were conducted according to described meth- 
ods. The assays can be conducted as descrifc>ed by Hoyer D. Functional correiates of serotonin 5-HT^recog- 
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nition sites, J. Receptor Res 8, 59-81 (1988) and Hoyer D, Engel G, Kalkman HO MolQcutar pharmacology of 
S-HTiand 5-HT2 recognition sites in rat and pig brain membranes: Radio-ligand binding studies with PH]5-HT, 
PHJ8-OH-DPAT, (-) P^^f] iodocyanopindolot, pHJmesulergine and pHJketanserin, Eur. J. Pharmacol. 118, 13- 
23 (1985). 

5 For 5-HTic receptor assays increasing concentrations of experimental compound, 50 mM Tris HCI buffer 

pH [7.4] . and tritlated mesulergine (2.0 nM) (^H ligand) were combined in polystyrene tubes at room temper- 
ature. The reaction was initiated by the addition of the resuspended choroid plexus tissue which had been pre- 
incubated at 37''C for 20 minutes. The reaction mixture was incubated in a 37''C water bath for 15 minutes. 
For 5-HT2 receptor assays increasing concentrations of experimental compound, 50 mM Tris HCI buffer 
10 pH [7.4], and tritiated ketanserin (1 nM) (^H ligand) were combined in polystyrene tubes at room temperature. 
The reaction was initiated by the addition of the resuspended rat ceret>ral cortex tissue which had been pre- 
incut>ated at 37''C for 20 minutes. The reaction mixture was incubated in a 37''C water bath for 30 minutes. 

The above assays were modified after a number of compounds had been screened to accomodate the 
unexpectedly high potency of the compounds of this invention in the 5-HTic assay. The concentration range 
15 of the experimental compound In the assays was changed from [0.1 to 1000 (nM)] to [0.1 to 100 (nM)] to op- 
timize the use of reagents and analysis time. The ICso values in Table II which are over 100 nM were accumu- 
lated before the modification of the concentration range of the experimental compound in the assay. 

The reactions were terminated by rapid filtration. (Brandel Cell Harvester), through Whatnnan GF/B glass 
filters that had been presoaked in Tris buffer pH [7.4]. The filters were then washed 2 times with 5 ml of ice 
20 cold Tris buffer pH [7.4]. Washed filters were placed in scintillatk>n vials and 10 ml RedySolv. (BraruJel). was 
added and samples were counted in a Searle D-300 beta counter. Means and standard enror statistics were 
calculated for triplicate experimental determinations in certain cases. Mean values were obtained from three 
or more separate determinations. The incubation time for the reaction mixture was 1 5 minutes at 37*^0. 
Concentrations that caused a 50% inhibition of radioligand binding (ICso) and Hill coefficient were obtained 
25 by computer-assisted regression analysis. 

The results of the evaluation of certain compounds of the present invention In the 5-HTic and 5-HT2 binding 
assays are set forth below in Table 11. In the Table, column 1 sets forth the Example Number of the compound 
evaluated, columns 2 and 3 are the IC50 (nM) values for the and 5-HT2 receptors respectively. 

30 
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Table II 



10 



15 



20 



25 



30 



35 



5-HT Receptor Binding 
Displacement Assay 


Example 


5-HT1C 


5-HT2 


1 


6.4 


56.1 


2 


00 


00 


3 


6 


>100 


4 


14 


>100 


5 


30 


267 


6 


13.2 


40 


7 


60 


247 


8 


63 


65 


9 


27 


87 


10 


44 


142 


11 


189 


>100 


12 


54 


>100 


13 


16 


>100 


14 


61 


>100 


15 


11 


>100 


16 


9 


>100 


17 


23 


>100 


18 


<100 


10B 



40 



Certain compounds and tryptamine-like intermediates of the present invention are useful for modulating 
5-HT2B receptors. The compounds which are nnost useful for binding a 5HT2B receptor can be identified using 
the following procedures. 



II. Radioligand Binding Studies for 5-HT2B: 



45 



50 



55 



Membrane preparation from transformed cells. Suspension cells expressing the cloned rat 5-HT2a receptor 
were harvested by oentrifugation at 2,200 x g for 15 min at 4*'C. Kursar, J. D., D. L. Nelson, D. B. Wainscott 
M. L Cohen, and M. Baez, Moi. Pharmacol. 42: 549-557 (1992). Membranes for the binding assays were pre- 
pared by vortexing the pellet in 50 mM Tris-HCI, pH 7.4 

(0.5 X 10^ cells/30 ml). The tissue suspension was then centrifuged at 39,800 x g for 10 min at 4°C. This pro- 
cedure was repeated for a total of three washes, with a 10 minute incubation at 37^C between the first and 
second wash. The final pellet was homogenized in 67 mM Tris-MCI, pH 7.4 (at 20 - 40 and 12.5 million ceils/ml, 
original ceil number, for cells expressing low and relatively high levels of the 5-HT2B receptor, respectively) us- 
ing a Tissumizer (Tekmar, Cincinnati, OH), setting 65 for 15 seconds. 

PH]5-HT binding studies. Binding assays were automated using a Biomek 1000 (Beckman Instruments, 
Fullerton. CA) and were performed in triplicate in 0.8 ml total volume. Membrane suspenston, 200 ^1, (0.04- 
0.27 mg protein) and 200 ^1 of drug dilution in water were added to 400 ^l of 67 mM Tris-HQ, pH 7.4, containing 
PH]5-HT. pargyline, CaCl2. and L-ascorbic acid. Final concentrations of pargyline, CaCl2 and L-ascorbIc acid 
were 1 0 nM, 3 mM and 0.1%, respectively. Tubes were incubated at 37**C for 15 min or at O'^C for 2 hours (bind- 
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ing equilibria were verified for both of these conditions), then rapidly filtered using a Brandel cell harvester 
(Model MB-48R; Brandel. Gaithersburg. MD) through Whatman GF/Bfilters which had been presoaked in 0.5% 
polyethylenimine and precooled with ice-cold 50 mM Tris-HCI, pH 7.4. The fitters were then washed rapidly 
four times with one ml ice-cold 50 mM Tris-HCI, pH 7.4. The amount of pH]5-HT trapped on the filters was 

5 determined by liquid scintillation spectronDetry (Ready Protein and Beckman LS 6000IC, Beckman Instru- 
ments, Fullerton, CA). For the saturation experinrtents, actual free radtoligand concentrations were determined 
by sampling the supernatant of parallel saturation experiments in which t>ound radioactivity had been sepa- 
rated by centrifugatlon. The concentration of PH]5-HT ranged from 0.02 to 5 nM and 0.6 to 63 nM for saturation 
experiments incubated at O'^C and 37''C, respectively. 5-HT, 10 ^M, or 1-naphthytpiperazine (1-NP), 10 ^M, 

10 defined nonspecific binding. For competition experiments, six to twelve concent ratk>ns of displacing drugs 
were used, spanning six log units, and the final concentration of pi-i]5-HT was 2 nM. Protein was determined 
by the nnethod of Bradford, using tx)vine serum albumin as the standard. Bradford, M. M., Anal. Blochem, 72: 
248-254 (1976). 

15 Statistical Analysis: 

The Kd and B„ax values from the saturation assays were determined for best fit to a one-site or a two-site 
binding nrKxJel using a partial F-test. De Lean, A., A. A. Hancock, and R. J. Lefkowitz, Mof. Pharmacol. 21: 5- 
16 (1981). The following equation was used for a one-site binding model, 

Bound o 

Kd+ [L] 

where Bound = amount of PH]5-HT specifically bound, B^j^ = maximum number of binding sites, Kd = equi- 
librium dissociation constant and [L] » free concentration of pH]5-HT, or a two-site binding model. 

Bound » ^ "P-U fn««liliy 
Kdi+[L] K^+ILl 

where Bound = amount of pH]5-HT specifically t>ound, Bmaxi ~ maximum numt>erof high affinity binding sites, 
Bmax2 = maximum number of low affinity binding sites, K(ji = equilibrium dissociation constant for the high af- 
finity site, Kd2 = equilibrium dissociation constant for the low affinity site and [L] - free concentration of pH]5- 
HT. The IC50 values from the competition assays, the binding parameters for the IP3 standard curve and the 
^ EC50 and Emax values from the IP3 assays were determined by nonlinear regression analysis of four parameter 
logistic equations (Systat, Systat Inc, Evanston, IL). De Lean, A., A. A. Hancock, and R. J. Lefkowitz, Mol. Phar- 
macol. 21: 5-16 (1981). The ICso values were converted to K| values using the Cheng-Prusoff equation. Cheng, 
Y, and W. H. Prusoff. Biochem. Pharmacol. 22: 3099-3108 (1973). 

^ III. Assay Methods 5-HT2B in vitro: 

Male Wistar rats (150-375 g; Laboratory Supply. Indianapolis, IN) were sacrificed by cervical dislocation, 
and longitudinal section of the stomach fundus were prepared for in vitro examination. Four preparations were 
obtained from one rat fundus. Ring preparations of the extracted jugular vein were prepared as described by 

^ Hooken Blood Vessels 14:1 (1977) and Cohen, M.L J. Pharamcol. Exp. Then 227:327 (1983). Tissues were 
mounted in organ baths containing 10 mL of modified Krebs solution of the following composition (millimolar 
concentrations): NaCI. 118.2. KCI, 4.6; CaClz HjO, 1 .6; KH2PO4. 1.2; MgSO*, 1.2; dextrose, 10.0; and NaHCOg, 
24.8. Tissue bath solutions were maintained at 37*'C and equilibrated with 95% 02and 5% CO2. Tissues were 
placed under optimum resting force (4 g) and were allowed to equilibrate for approximately 1 hour before ex- 

^ posure to the test compound. Isometric contractions were recorded as changes in grams offeree on a Beckman 
Dynograph with Statham UC-3 transducers. 

Detemriination of Apparent Antagonist Dissociation Constant: 

Noncumulative contractile concentration-response curves for serotonin in the fundus and cumulative con- 
centration response curves in the jugular vein were obtained by a stepwise increase in concentration after 

^ washing out the preceding concent ratbns every 1 5-20 minutes. Each agonist concentration remained in con- 
tact with the tissue for approximately 2 minutes and maximum response to each compound concentration was 
measured . ED50 values were taken as the concentration of agonist that produced half-maxinnal contraction. 
After control responses were obtained, tissues were incubated with an appropriate concentration of t>uffer or 
antagonist for 1 hour. Responses to serotonin were then repeated In the presence of an antagonist Concen- 

^ tration responses utilized only one agonist and one antagonist concentration per tissue. In general, successive 
agonist responses in the presence of buffer treatment were unaltered (average dose ratio was 1.28 +/- 0.21). 
Apparent antagonist dissociation constants (Kb) were determined for each concentration of antagonist ac- 
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cording to the fbltowing equation: 

Kb= [B}/(doseratio- 1) 

where [B] is the concentration of the antagonist and dose ratio is the EDso of the agonist in the presence of 
the antagonistdivided by the control ED50. Generally, parallel shifts in the concentration-reaponse curves occunred 

5 in the presence of antagonists. The results were expressed as the negative logarithm of the KB (Le.. -log Kb)- Cal- 
culations were completed using known methods. Zaborowsky. B.R. J. Pharmacol. Methods 4:4165 (1980). 

Compounds exhibiting activity at the 5HT2B receptor are useful for treating disorders related to the mod- 
ulatton of the 5HT2a receptor. Compounds having 5HT2B antagonist activity reduce the spasticity of the colon. 
These compounds are useful for the treatment of functional t>owel disorders including irritable bowel syndrome 

10 and irritable bowel syndrome-related symptoms. The antispasmodic effect of such compounds can reduce at>- 
dominal pain associated with functional bowel disorders. 

As used herein the term "functional bowel disorder" refers to a functional gastrointestinal disorder mani- 
fested by (1) atxJominal pain and/or (2) symptoms of disturbed defecation (urgency, straining, feeling of inconrv 
plete evacuation, altered stool form [consistency] and altered bowel frequency/timing) and/or (3) bloating (dis- 

15 tentlon). The term "functional bowel disorder" includes but Is not limited to Irritable t>owet syndrome, hypenmo- 
tility, ichlasia, hypertonic lower esophogeal sphincter, tachygastria, constipation, hypemnotility associated with 
irritable t>owel syndrome. 

Compounds demonstrating activity at the SHTja receptor can be utilized in the treatment or prevention of 
conditions related to modulation of the 5HT2A receptor. Examples of such conditions include hypertension, 

20 sleep disorders, hallucinogenic activity, psychosis, anxiety, depression, thermoregulation, feeding disorders, 
and hypotension. Leonard, B.E.. International Clinical Psychopharmacology, 7. 13-21 (1992). 

While it is possible to administer a compound of the invention directly without any formulatk)n, the conn- 
pounds are preferably employed in the form of a pharmaceutical formulation comprising a pharmaceutically 
acceptable exdpient and at least one compound of the invention. Such compositions contain from about 0.1 

2S percent by weight to about 90.0 percent by weight of a present compound. As such, the present invention also 
provides pharmaceutical formulations comprising a compound of the invention and a pharmaceutically accept- 
able excipient therefor. 

In making the compositbns of the present invention, the active ingredient is usually mixed with an excipient 
which can be a carrier, or a diluent or be diluted by a carrier, or enclosed within a carrier which can be in the 
30 form of a capsule, sachet, paper or other container. When the carrier serves as a diluent, it can be a solid, 
semi-solid, or liquid material which acts as a vehicle, excipient, or medium for the active ingredient Thus, the 
composition can be in the fonm of tablets, pills, powders, lozenges, sachets, cachets, elixirs, emulsions, sol- 
utions, syrups, suspensions, aerosols (as a solid or in a liquid medium), and soft and hard gelatin capsules. 
The compounds of the Invention may be delivered transdemnally, if desired. Transdermal permeation en- 
ds hancers and delivery systems, including patches and the like, are well known to the skilled artisan. 

Examples of suitable carriers, excipients, and diluents include lactose, dextrose, sucrose, sorbitol, man- 
nltol, starches, gum acacia, calcium phosphate, alginates, calcium silicate, mlcrocrystaliine cellulose, polyvi- 
nylpyrrolidone, cellulose, tragacanth, gelatin, syrup, methyl cellulose, methyl- and propyl hydroxyt>enzoate3, 
talc, magnesium stearate. water, and mineral oil. The formulations may also include wetting agents, emulsi- 
40 fying and suspending agents, preserving agents, sweetening agents or flavoring agents. The formulations of 
the inventk)n may be formulated so as to provide quick, sustained, or delayed release of the active ingredient 
after administration to the patient by employing procedures well known in the art. 

The compounds of this invention may be delivered transdermalty using known transdermal delivery sys- 
tems and excipients. Most preferrably, a compound of this invention Is admixed with permeatk)n enhancers 
45 including, but not limited to, propylene glycol, polyethylene glycol monolaurate, and azacycloalkan-2-ones, and 
incorporated into a patch or similar delivery system. Additional excipients including gelling agents, emulsifiers. 
and buffers may be added to the transdermal formulation as desired. 

For oral administration, a compound of this invention kjeally can t>e admixed with carriers and diluents 
and molded into tablets or enclosed in gelatin capsules. 
50 The compositions are preferably formulated in a unit dosage form, each dosage containing from about 0.1 

to about 500 mg or more, usually about 5 to at>out 300 mg, of the active ingredient. The term "unit dosage form" 
refers to physically discrete units suitable as unitary dosages for human subjects and other mammals, each 
unit containing a predetermined quantity of active material calculated to produce the desired therapeutic effect 
in association with a suitable pharmaceutical carrier. 
55 In order to more fully illustrate the operation of this inventk>n. the following formulation examples are pro- 

vided. The examples are illustrative only, and are not intended to limit the scope of the invention. The fbnmu- 
lations may employ as active compounds any of the compounds of the present invention. 
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Formulation 1 



Hard gelatin capsules are prepared using the following ingredients: 



s 




Amount Per Capsule 


Concentration by Weight (percent) 


10 


(+/-) 6-methyl-1-(1-(3-ethylamino 
naphthalenyl)-1-ethyl)-1,2,3,4-tetra- 
hydro-9H-pyrido[3,4-blindole (Z) 2- 
butenedioate 


250 mg 


55.0 




starch dried 


200 mg 


43.0 




magnesium stearate 


10 mg 


2.0 


15 




460 mg 


100.0 



The atx)ve Ingredients are mixed and filled into hard gelatin capsules in 460 mg quantities. 



Formulation 2 

20 

Capsules each containing 20 mg of medicament are made as follows: 





AnK>unt Per Capsule 


Concentration by Weight (percent) 


6-(1-methylethyl)-1 .2.3.4-tetrahydro- 
1-(1-(4-dimethy!aminonaphthalenyl)- 
methyl)-9H-pyrido[3,4b]indoIe (Z)-2- 
butenedioate 


20 mg 


10.0 


starch 


89 mg 


44.5 


microcfystalline cellulose 


89 mg 


44.5 


magnesium stearate 


2mg 


1.0 




200 mg 


100.0 mg 



36 

The active ingredient, cellulose, starch, and magnesium stearate are blended, passed through a No. 45 
mesh U.S. sieve and filled into a hard gelatin capsule. 



Fonmulatlon 3 

40 



Capsules each containing 100 mg of nnedicament are made as follows: 







AnrK>unt Per Capsule 


Concentration by Weight (percent) 


45 


5-f luoro-6-nDethyl-1 -(1 -(3-methylami- 
nonaphthalenyl)-methyl)-1 ,2,3,4-tet- 
rahydro-9H-pyrido[3,4-b]indole (Z)-2- 
butenedioate 


100 mg 


30.00 


50 


polyoxyethylene sorbitan monooleate 


50 mg 


0.02 




starch powder 


250 mg 


69.98 






350.05 mg 


100.00 



55 The above ingredients are thoroughly mixed and placed in an empty gelatin capsule. 
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Formulation 4 



Tablets containing 10 nng of active ingredient are made as follows: 



5 




Anraunt Per Capsule 


Concentration by Weight (percent) 


10 


7,8,9,1 0-tetrahydro-10-(1-(2-dime- 
thy1aminonaphthyleneyl)-methyl>- 
11H-bGnzo[g]pyridoI3.4-b]indole (Z)- 
2-butenedioate 


10 mg 


10.0 




starch 


45 mg 


45.0 




microcrystalllne cellulose 


35 mg 


35.0 


15 


polyvinylpyrrolidone (as 10% solu- 
tion in water) 


4 mg 


4.0 




sodium cart>oxymethyl starch 


4.5 mg 


4.5 


20 


magnesium stearate 


0.5 mg 


0.5 


talc 


1 mg 


1.0 






100 mg 


100.0 



The active ingredient, starch and cellulose are passed through a No. 45 mesh U.S. sieve and mixed thor- 
oughly. The solution of polyvinylpyrrolidone is mixed wiht the resultant powders which are then passed through 
a No. 14 mesh U.S. sieve. The granule so produced is dried at 50°-60*> C and passed through a No. 18 mesh 
U.S. sieve. The sodium carboxymethyl starch, magnesium stearate and talc, previously passed through a No. 
60 mesh U.S. sieve, are then added to the granule which, after mixing, is compressed on a tablet machine to 
yield a tablet weighing 100 mg. 

Formulation 5 



A tablet formulation may be prepared using the ingredients below: 





AnrK>urtt Per Capsule 


Concentration by Weight (percent) 


7-methyl-8-bromo-1 -(1 -cydohexyle- 
neyt-methyl)-1 .2,^,4-tetrahyd^o-9H- 
pyrido-[3,4-b]^ndole hydrochloride 


250 mg 


38.0 


microcrystalline cellulose 


400 mg 


60.0 


silicon dioxide fumed 


10 mg 


1.5 


stearic acid 


5mg 


0.5 




665 mg 


100.0 



The components are blended and compressed to form tablets each weighing 665 mg. 



50 Formulation 6 

Suspensions each containing 5 mg of medicament per 5 ml dose are as follows: 
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per 5 ml of suspension 


6-methy 1-1 -(1-(4-fluoronaphthalenyl)-methyl)- 1.2,3, 4-tet nahydro-9H-pyri- 
do[3,4-b] indole hydrochloride 


5 mg 


sodium carboxymethyl cellulose 


50 mg 


syrup 


1.25 ml 


benzoic add solution 


0.10 ml 


flavor 


q.v. 


color 


q.v. 


water 


q.s. to 5 ml 



15 

The medicament is passed through a No. 45 mesh U.S. sieve and mixed with the sodium cart)oxymethyl- 
cellulose and syrup to form a smooth paste. The tmnzoic acid solution, flavor and color is diluted with some 
of the water and added to the paste with stirring. Sufficient water is then added to produce the required volume. 

^ Formulation 7 



An aerosol solution is prepared containing the following components: 





Concentration by Weight (percent) 


5-nnethoxy-6-methyl-1 -(l-naphthalenylmethyl)-l ,2,3,4-tetra- 
hydro-9H-pyrido[3,4-b]indole (Z)-2-butenedioate 


0.25 


ethanol 


29,75 


Propellant 22 (chlorodrf tuoromethane ) 


70.00 
100.00 



The active compound Is mixed with ethanol and the mixture added to a portion of the Propellant 22, cooled 
35 to -SO^C and transferred to a filling device. The required amount is then fed to a stainless steel container and 
diluted further with the remaining amount of propellant The valve units are then fitted to the container. 



Claims 

40 

1 . A compound of the formula (I) 

R3 (CHR2)R4 



SO wherein: 

Ri is hydrogen or C1-C3 alkyt; 

R2 is hydrogen or Ci-Ce alkyt; 

R3 is hydrogen or C^-Cs alkyi; 

R4 is bicydic or substituted bicyclic; 
55 A is selected from the group consisting of 
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(II) 



and 




(III) 



(IV) 



wherein 

Re and R/are, independently, hydrogen, Ci-Cealkyt, C2-Cealkenyl. halo, haIo(Ci-C6)alkyl, halo(Ci- 
Ce)alkenyl, CORg, Ci-Cio alkanoyi, COsRe*, (Ci-C©)!,, alkylamino, NO2. -SRo^or OR9; 
nn is 1 or 2; 

R5 is independently hydrogen or C1-C4 alkyi; 
Rs- is C1-C4 alkyI; 

R9 is independently selected from the group consisting of an Regroup, substituted Cj-Ce cydoatkyl, 
C3-C8 cydoalkyl, C^C^ cycloalky^(Ci-C3)alkyl, Cs-Ca cydoalkenyl, substituted Cs-Cs cydoaikenyl, C^Ca 
cydoalkeny1-(Ci-C3)alkyl, Cz-Cie arylalkyi; or 

Re and R7 together with the carbon atoms of group A form a 5- to 8-memt>er cartx^n ring; or 

a pharmaceutlcally acceptable salt or solvate thereof. 

A compound of Claim 1 wherein Ri is hydrogen. 

A compound of Claim 2 wherein Ra is hydrogen or methyl. 

A compound of Claim 3 wherein R2 is hydrogen or methyl. 

A compound of Claim 4 wherein A is a group of the formula IV wherein Re and R7 are independently se- 
lected from the group consisting of hydrogen, C1-C5 alkyl, and hallde; Ra Is Independently selected from 
the group consisting of hydrogen, C^-Cs alkyl, halide, C^-Ce cydoalkyi, or phenyl. 

Acompound of Claim 5 wherein Re is C1-C5 alkyl or halide; R7 and Ra are independently hydrogen, halide, 
or C1-C5 alkyl. 

Acompound of Claim 5 wherein R4 is naphthyl or substituted napthyl. 

Acompound of Claim 5 wherein R4 is substituted naphthyl wherein the naphthyl 8ut>stituents are selected 
from the group consisting of dialkylamino and monoalkylamlno. 
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9. A compound of Claim 8 wherein R4 is substituted naphthyl wherein the naphthyl substituents are dialky- 
tamino. 

10. A compound of Qaim 9 wherein R4 Is substituted naphthyl wherein the naphthyl substituents are dime- 
thyl amino. 

11. A compound of Claim 3 wherein A Is a group of the formula (HI). 

12. A compound of Qaim 1 wherein Ri is hydrogen; R2 is hydrogen or methyl; R3 is hydrogen; R4 is dialkyla- 
mino substituted naphthyl; A is a group of the formula (IV) wherein Re is hydrogen; R7 is hydrogen or me- 
thyl; Re is C1-C4 alkyl. Br. or F; or a pharmaceutically acceptable salt or soh^ate thereof. 

13. A substantially pure stereoisomer of a compound of Claim 1 . 

14. A compound of Qaim 1 which is the substantially pure (-) enantiomer. 

15. A compound of Claim 1 selected from the group consisting of 6-(1 ,1-dimethylethy1)-1,2,3,4-tetrahydro-1- 
(1-naphthalenylmethyl)-9H-pyrido[3.4b]indo!e. 6-(1-mothy1ethyl)-1.2.3,4-tetrahydro-1-(1-naphthalenyt- 
methyl)-9H-pyrldo[3.4b]lndole, 6-methyl-1-(1-naphthalenyl-1 -ethyl)- 1.2.3.4-tetrahydro-9H-pyrldo[3,4- 
bjindole, 6-(1,1-dimethy1ethyl)-1-(1-naphthalenyl-1-ethyl)-1^.3.4-tetrahydro-9H-pyrido[3,4-b]indole. 
7,8,9.1 0-tetrahydro-1 0-(1 -(2-dimethylaminonaphthy!eny1)-methyl)-11 H-benzo[g}-pyrido[3,4-b]indole, 6- 
methyloxy-1 -(2-methylaminonaphthalenyl)-1 -ethyl)- 1 .2.3,4-tetrahydro-9H-pyrido[3,4-blindole, 6-(1 ,1-di- 
methylethyl)-1-(1-{3-dlethyiaminonaphthalenyl)-1-ethyl>-1,2,3.4-tetrahydro-9H-pyrido[3.4-b]indole, and 
6-methyt-1-[(4-dimethylaminonaphthalenyl)-methyl]-1 .2.3,4- tetrahydro-9H-pyrido[3.4-b]indole. 

16. A compound of Claim 1 5 selected from the group consisting of (->-(S)-6-methyl-1-[(4-dimethylaminonaph- 
tha^enyl)-methyI]-1.2,3.4-tetrahydro-9H-pyrido[3.4-b]indoIe, (-)-(S)-6-methyl-1-(1-naphthaIenyl-1-ethyl)- 
1,2.3.4-tetrahydro-9H-pyrido[3.4-bl indole. (-)-(S)-6-<1.1-dimethylethyl)-1-(1-naphthaIenyl-1-ethyl)- 
1,2.3,4-tetrahydro-9H-pyrido[3.4-bl indole, and (-)-(S)-6-{1,1-dimethylethyl)-1,2,3.4-tetrahydro-1-(1- 
naphthatenylmethyt)-9H-pyrido[3.4b]indole. 

17. A pharmaceutical fonmulation comprising a compound of Claim 1 and one or more pharmaceutically ac- 
ceptable exclpients therefor. 

18. A method for treating a mammal suffering from or susceptible to a condition associated with 5HTic mo<^ 
ulation, which comprises administering to said mammal an effective amount of a compound of Formula 



Ri is hydrogen or C^-Cs alkyt; 

R2 is hydrogen or Ci-Ce alkyi; 

R3 is hydrogen or C1-C3 alkyI; 

R4 is bicydic or substituted bicyclic; 

A is selected from the group consisting of 




(I) 



(CHR2)R4 



wherein: 



54 



EP 0 620 223 A2 




10 



15 




(III) 



and 
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R6 

R7J— (IV) 



wherein 

Re and R7 are, independently, iiydrogen, C^-Ct alkyi, Cz-Cealkenyl, halo, halo(Ct-Ce)alkyl, halo(Ci- 
30 C6)alkenyl. CORs, C1-C10 alkanoyi, CO2R6', (Ci-Ce)m alkytamino, NO2. -SRs.or OR5: 

m is 1 or 2; 

R5 is independently hydrogen or C^-C^ alkyI; 
Rfi' is C1-C4 alkyI; 

Ra is independently selected from the group consisting of an Re group, substituted Cj-Cs cydoaikyi, 
35 C3-C8 cydoaikyi, Cj-Cs cydoalkyl-(Ci-C3)alkyi, C^-Cs cydoaikenyl, substituted C^-Cs cydoalkenyl, Cs-Cs 

cydoalkenyl-(Ci-C3)aikyl, Ct-Cio aryiaikyl; or 

Re and R7 together with the carbon atoms of group A form a 5- to S-memtser carbon ring; or 
a pharmaceuticaiiy acceptable salt or soivate thereof. 

40 19. A method of Claim 1 8 for treating a mammal suffering from, or susceptible to schizophrenia, schizophre- 
niform diseases, schizoaffective disorder, or acute mania, which comprises administering to said ntammal 
an effective amount of a compound of Formula (1). 

20. A method of Claim 18 for treating a mammal suffering from, or susceptible to an eating disorder, which 
^ comprises administering to said mammal an effective anrrount of a compound of Formula (I). 

21 . Amethod of Claim 1 8 for suppressing the desire of humans to smoke comprising administering to a human 
in need of, or desiring, such suppression an effective amount to relieve the desire to smoke of a compound 
of Formula (I). 
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22. Amethod of Claim 1 8 for treating a mammal suffering from, or susceptible to sleep disorders, which conrv 
prises administering to said mammal an effective anrK)unt of a compound of Formula (I). 



23. Amethod of Claim 1 8 for relieving the sensatton of pain in a mammal, comprising administering to a manrv 
mal in need of, or desiring such relief an effecth/e amount to relieve the sensation of pain, of a compound 

55 of Formula (I). 

24. A method of Gaim 1 8 for treating a mammal suffering from, or susceptible to Alzheimer's disease, which 
comprises administering to said mammal an effective amount of a compound of Formula (I). 



55 



EP 0 620 223 A2 



25. A method of Claim 18 for treating a mammal suffering from, or susceptible to mental depression, which 
comprises administering to said mammal an effective anrwunt of a compound of Formula (I). 

26. A method of Claim 18 for treating a mammal suffering from injury to the central nervous system, which 
comprises administering to said manrtmal an effective amount of a compound of Formula (I). 

27. A method of C\a\m 1 8 for selecth^ely binding 5-HTic receptors In mammals comprising administering to a 
mammal requiring selective binding of a 5-HTic receptor* a receptor binding dose of a 5-HTic selective 
compound of Formula (I). 

28. A process for preparing a compound of formula (VI) 



Ri is hydrogen or C1-C3 alkyi; 
R2 is hydrogen; 
R3 is hydrogen or C1-C3 alkyt; 
R4 is bicydic or substituted bicyclic; 

A is selected from the group consisting of 




(VI) 



R3 



(CHR2)R4 



wherein: 




(II) 




(III) 



and 




(IV) 



wherein 
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R« and R7 are, independently, hydrogen, C1-C0 alkyi, 
Ca-Cft alkenyl, halo. halo(Ci-Ce)aIkyl, halcKd-Cejalkenyl. CORs, C1-C10 alkanoyl. C02R6'. (Ci-Ce)m alky- 
lamino, NO2, -SRs.or ORs; 

nn is 1 or 2; 

R5 is independently hydrogen or C1-C4 alkyl; 
R5' is C1-C4 alkyl; 

Ra is independently selected from the group consisting of an Re group, substituted Cj-Cq 
cydoalkyl, C3-C8 cydoalkyl. C3-C8cycloalkyl-(Ci-C3)alkyl, Ce-Cs cycloalkenyl. sut>stituted Ce-Cecycloalk- 
enyl, Cs-Cq cycloalkenyl-(Ci-C3)alkyl, C7-C13 arylalkyi; or 

Re and R7 together with the carbon atoms of group A form a 5- to 8-member carbon ring; or 

a pharmaceutically acceptable salt or soh/ate thereof. 

which process comprises contacting a compound of the formula (VII) 



— if 

(VII) 

N 
I 

R3 



with a lactone of formula (VI 11) 




in the presence of a protic acid. 
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